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PREFACE 


The  U.  S.  Army  Engineer  District,  St.  Louis  (SLD),  has  the  respon- 
sibility to  construct  and  maintain  the  Middle  Mississippi  River  9-ft 
channel  navigation  project  between  St.  Louis,  Missouri,  and  Cairo,  Illi- 
nois. SLD  has  requested  the  Environmental  Effects  Laboratory  (EEL)  of 
the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  to  conduct 
an  environmental  inventory  and  assessment  of  the  9- ft  project  area. 
Certain  parts  of  the  inventory  and  assessment  were  performed  under  con- 
tract by  the  Missouri  Department  of  Conservation,  Southern  Illinois 
University,  and  Colorado  State  University. 

The  study  reported  herein  was  conducted  from  June  1972  to  March 
197**  by  an  interdisciplinary  study  team  from  WES,  SLD,  Missouri  Depart- 
ment of  Conservation,  Southern  Illinois  University,  and  Colorado  State 
University.  This  report  is  part  of  a series  of  reports  resulting  from 
that  interdisciplinary  effort.  The  other  reports  in  this  series,  all 
sponsored  by  SLD,  are  as  follows: 

(a)  Contract  Report  Y-7*4-l,  "Evaluation  of  Three  Side  Channels  and 
the  Main  Channel  Border  of  the  Middle  Mississippi  River  as 
Fish  Habitat,"  March  197*4 

(b)  Contract  Report  Y-7*4-2,  "Geomorphology  of  the  Middle  Missis- 
sippi River,"  July  197*4 

(c)  Contract  Report  Y-7*+-3,  "A  Survey  of  the  Fauna  and  Flora 
Occurring  in  the  Mississippi  River  Floodplain  Between 
St.  Louis,  Missouri,  and  Cairo,  Illinois,"  August  197*4 

(d)  Contract  Report  Y-7*4-*4,  "Study  of  Importance  of  Backwater 
Chutes  to  a Riverine  Fishery,"  August  197*4 

(e)  Technical  Report  M-7*+-5,  "Computer-Calculated  Geometric  Char- 
acteristics of  Middle-Mississippi  River  Side  Channels," 

Volumes  I and  II,  June  197*4 
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(f)  "Physical,  Biological,  and  Chemical  Inventory  of  Twenty- Three 
Side  Channels  and  Four  River  Border  Areas,  Middle  Mississippi 
River,"  in  preparation 

(g)  "Inventory  of  Physical  and  Cultural  Elements,  Middle  Missis- 
sippi River  Floodplain  (River  Reach:  St.  Louis,  Missouri,  to 

Cairo,  Illinois),"  in  preparation 

Parts  II-IV  of  this  report  are  overviews  of  the  reports  of  each  agency  or 
university.  Data  from  Parts  II-IV  were  used  in  preparing  the  remainder 
of  the  report.  Information  from  Parts  II  and  IV  was  repeated  as  re- 
quired later  in  the  report  so  that  the  later  parts  could  be  used  by  SLD 
in  preparing  an  Environmental  Impact  Statement. 

This  report  was  prepared  by  J.  H.  Johnson,  R.  C.  Solomon,  C.  R. 
Bingham,  B.  K.  Colbert,  W.  P.  Emge,  D.  B.  Mathis,  and  R.  W.  Hall,  EEL, 
under  the  general  direction  of  Dr.  John  Harrison,  Chief,  EEL.  Dr.  Boyd 
Loadholt,  Department  of  Biometry,  Medical  University  of  South  Carolina, 
assisted  with  the  statistical  analyses.  D.  F.  Bastian,  Hydraulics  Labo- 
ratory, WES,  prepared  the  overview  "Geomorphology,"  presented  in  Part  II 
from  the  Colorado  State  University  report. 

BG  E.  D.  Peixotto,  CE,  and  COL  G.  H.  Hilt,  CE,  were  Directors  of 
WES  during  the  conduct  of  this  study  and  the  preparation  and  publication 
of  this  report.  Mr.  F.  R.  Brown  was  Technical  Director. 
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ENVIRONMENTAL  ANALYSIS  AND  ASSESSMENT  OF  THE  MISSISSIPPI  RIVER 


9-FT  CHANNEL  PROJECT 


BETWEEN  ST.  LOUIS,  MISSOURI,  AND  CAIRO,  ILLINOIS 


PART  I:  INTRODUCTION 


Background 


1.  In  1927,  the  Corps  of  Engineers  was  authorized  by  Congress  to 
construct  and  maintain  a 9-ft*-deep,  300-ft-wide  channel  for  navigation 
from  the  confluence  of  the  Missouri  River  to  the  confluence  of  the  Ohio 
River.  The  River  and  Harbor  Act  of  2 March  19^5  modified  the  project  by 
providing  for  the  construction  of  the  Chain  of  Rocks  Canal  and  Lock 

No.  27*  A later  modification,  contained  in  the  River  and  Harbor  Act  of 
3 July  1958,  provided  for  the  construction  of  Low  Water  Dam  No.  27. 

2.  The  U.  S.  Army  Engineer  District,  St.  Louis  (SLD),  is  required 
by  the  National  Environmental  Policy  Act  of  1969  (Public  Law  91190)  to 
prepare  an  Environmental  Impact  Statement  for  the  construction  and 
maintenance  of  the  9-ft  channel.  SLD  requested  the  Office  for  Environ- 
mental Studies,  now  part  of  the  Environmental  Effects  Laboratory  (EEL), 
of  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES)  to  conduct 
an  environmental  inventory  and  assessment  of  the  effects  of  operation 
and  maintenance  activities  on  the  environment  in  the  project  area.  The 
inventory  and  assessment  were  designed  to  provide  input  for  the  impact 
statement  as  well  as  to  establish  suggested  procedures  for  environmen- 
tally compatible  operation  and  maintenance  of  the  channel. 

3.  EE1  assembled  an  interdisciplinary  team  that  included  person- 
nel from  SLD,  WES,  Missouri  Department  of  Conservation  (MDC),  Southern 
Illinois  University  (SIU),  and  Colorado  State  University  (CSU).  Con- 
tracts were  made  with  MDC,  SIU,  and  CSU  to  perform  and  to  provide  re- 
ports on  certain  parts  of  the  inventory  and  assessment. 

* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (SI)  units  of  measurement  and  metric  (Si)  units  of 
measurement  to  U.  S.  customary  units  is  presented  on  page  9> 


r.  1 


p 


Purpose 

i*.  The  objectives  of  the  study  were  to: 

a.  Provide  a reference  source  for  the  preparation  of  an 
Environmental  Impact  Statement. 

b.  Establish  a comprehensive  data  base. 

c_.  Use  the  results  of  the  study  for  better  environmental 
planning. 

d.  Describe  the  environmental  impacts  of  construction,  opera- 
tion, and  maintenance  of  the  9- ft  channel. 

e_.  Recommend  new  and/or  more  intensive  research  needs  in  the 
project  area. 

Scope 

5.  The  authorized  reach  includes  195  miles  of  the  Mississippi 
River  between  the  mouth  of  the  Missouri  River  above  St.  Louis,  Missouri, 
and  the  mouth  of  the  Ohio  River  at  Cairo,  Illinois  (river  mile  0).  The 
project  area  for  this  study  extends  from  the  Jefferson  Barracks  Bridge 
near  St.  Louis  (river  mile  168.7)  to  Cairo  and  covers  the  entire  Missis- 
sippi River  floodplain  within  this  reach.  This  reach  of  the  river  will 
be  referred  to  as  the  Middle  Mississippi  River  (Figure  l).  The  original 
unprotected  floodplain,  which  is  primarily  in  Illinois,  generally  has 
been  reduced  to  about  one  mile  in  width  by  levees  throughout  the  project 
area  (Plates  1-11 ). 

6.  Parts  II,  III,  and  IV  of  this  report  contain  overviews  of  in- 
dividual reports  prepared  by  CSU,  SIU,  and  MDC,  respectively.  These 
parts  describe  the  geomorphology,  the  terrestrial  flora  and  fauna,  and 
the  aquatic  flora  and  fauna,  respectively,  of  the  project  area  and  the 
adjacent  unprotected  floodplain.  Extracts  were  made  from  these  reports, 
but  quotations  were  not  marked  in  order  to  improve  the  continuity  of 
the  narrative. 

7.  Part  VIII  represents  an  overall  assessment  of  the  side  chan- 
nels and  the  environmental  impacts  of  construction  and  operation  and 
maintenance  activities  required  by  the  9- ft  channel. 
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PART  II:  GEOMORPHOLOGY 


8.  CSU  conducted  a study  of  the  geomorphology  of  the  Middle 
Mississippi  River,  which  included  physical  model  studies  of  the  side 
channels  and  dikes.  This  part  is  a summary  of  the  CSU  study. 

9.  This  part  considers  the  Middle  Mississippi  River  before  and 
after  man-made  changes  and  the  effects  of  these  changes  upon  the  river. 
Emphasis  was  placed  on  the  life  history  of  side  channels  in  terms  of 
river  flows,  sediment  transport,  and  growth  of  vegetation  to  provide  a 
basis  for  evaluating  the  physical  changes  in  the  river  system.  The  final 
portion  summarizes  the  results  of  model  studies  of  side  channels  whereby 
effects  of  geometry  and  number  of  dikes  were  studied  to  determine  whether 
side  channels  could  be  self-maintaining. 

Natural-  and  Developed-River  Periods 

10.  Until  the  twentieth  century,  man-made  changes  to  the  Middle 
Mississippi  were  not  of  sufficient  magnitude  to  change  the  river;  thus 
the  river  during  this  period  is  referred  to  as  the  natural  river.  Be- 
cause twentieth-century  changes  have  altered  the  hydraulic  characteris- 
tics of  the  river,  this  century  is  referred  to  as  the  developed-river 
period. 

11.  During  the  l800's,  efforts  were  directed  primarily  to  flood 
protection  which  resulted  in  a protective  levee  system.  Navigation  on 
the  river  had  always  been  important;  but  vessels  had  increased  gradually 
in  size  and  numbers  until  in  1927  it  was  necessary  for  Congress  to  auth- 
orize a 9-ft-deep  by  300-ft-wide  channel.  Due  to  natural  shoaling  at 
crossings,  maintenance  dredging  has  been  necessary.  Attempting  to  re- 
duce shoaling,  the  Corps  has  placed  dikes  in  wide  sections  of  the  river 
in  order  to  constrict  the  width  and  restrict  flows  that  otherwise  would 
provide  far  more  erosion  power  and  result  in  a deeper  channel.  To 
protect  banks  from  caving  and  to  prevent  extensive  natural  meandering  of 
the  river,  revetments  have  been  strategically  placed,  primarily  on  the 
outside  of  bends.  The  combination  of  dikes  and  revetments  has  virtually 
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locked  the  river  into  a fixed  position.  However,  both  dikes  and  revet- 
ments are  subject  to  destruction,  especially  by  floods  and  ice  flows. 

12.  By  1972,  main-line  flood  control  levees  were  complete  where 
necessary.  There  were  122  miles  of  revetments  and  over  800  dikes  with 
a total  linear  length  of  91  miles. 

Geometry 

13.  To  help  determine  changes  of  the  Middle  Mississippi  River, 
maps  from  1821,  1888,  and  1968  were  used  to  compare  the  changes  in 
surface  area  and  river  width.  The  surface  areas  and  width  increased  from 
1821  to  1888,  when  they  obtained  maximum  magnitude  as  a possible  result 
of  large  floods.  From  1888  to  1968,  the  surface  areas  and  widths  were 
reduced  to  their  smallest  ever  because  of  river-training  efforts  by  the 
Corps  of  Engineers. 

14.  A riverbed  survey  of  a lU-mile  reach  from  1888  to  1968  shows 
an  average  lowering  of  11  ft  as  a result  of  the  man-made  contractions  of 
the  river  width. 

15.  The  major  source  of  sediment  to  the  Middle  Mississippi  is  the 
Missouri  River.  The  suspended  load  is  approximately  50  percent  clay, 

35  percent  silt,  and  15  percent  fine  sand.  The  bed  load  is  fine  sand. 
Although  there  are  no  records  for  comparing  the  amount  of  sediment  supply 
prior  to  and  after  establishing  the  reservoir  system  on  the  Missouri 
Basin,  the  system  has  probably  decreased  the  sediment  supply  drastically, 
which  would  account  for  lowering  of  the  riverbed  in  the  Middle  Missis- 
sippi River. 

Discharge 

16.  The  highest  recorded  discharge  at  St.  Louis  (river  mile  175) 
was  1,300,000  cfs  in  1844  with  a corresponding  stage  of  4l,3  ft.  Due  to 
river  training,  a similar  discharge  today  is  predicted  to  produce  a stage 
of  52.0  ft. 

17-  The  net  effects  of  upstream  developments  on  the  flows  in  the 
Middle  Mississippi  River  at  St.  Louis  are  reflected  in  the  St.  Louis 
discharge  records.  These  effects  are  as  follows: 

a.  The  average  annual  peak  flood  discharge  has  not  changed 
significantly  in  110  years.  On  the  average,  the 
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present-day  peak  floods  are  only  slightly  lower  than 
previous  ones. 

b_.  Large  flood  flows  are  not  occurring  as  frequently  now  as 
in  the  past.  In  the  decade  between  1850  and  i860,  there 
were  three  flood  peaks  greater  than  1,000,000  cfs.  Flood 
flows  in  excess  of  1,000,000  cfs  have  not  occurred  since 
1903. 

c_.  The  mean  annual  discharge  has  not  changed  in  130  years. 

d.  The  annual  minimum  flow  has  been  increasing  slightly 
during  the  130  years  of  record  (l8*+3  to  1973)- 

18.  In  general,  the  conclusion  is  that  construction  of  storage 
reservoirs,  levees,  and  dikes;  land-use  changes;  and  any  climatic 
changes  have  not,  in  aggregate,  significantly  changed  the  average  an- 
nual flow  in  the  Middle  Mississippi.  In  terms  of  flood  control,  the 
effect  is  that  very  large  and  very  small  peak  flood  discharges  were  more 
commom  in  the  natural  river  than  in  the  river  today. 

River  stages 

19.  The  St.  Louis  river  stage  records,  begun  in  l8*+3,  were  kept 
intermittently  until  l86l;  after  l86l,  continuous  records  have  been  kept 
on  a daily  basis.  A gage  reading  of  zero  at  the  Market  Street  gage  is 
379-9*+  ft  above  mean  sea  level  (msl). 

20.  The  annual  maximum  stage  at  St.  Louis  has  been  increasing  only 
slightly  throughout  the  130  years  of  records.  The  variations  in  annual 
maximum  stages  are  greater  now  than  in  the  past.  The  highest  recorded 
stage  at  St.  Louis  was  *+3.3  ft  in  1973- 

21.  The  trend  of  the  annual  minimum  stages  has  been  downward 
during  the  period  of  record.  The  minimum  stages  are  now,  on  the  aver- 
age, 6 ft  lower  than  in  the  l860's  and  the  l870's.  The  lowest  minimum 
stage  at  St.  Louis  was  -6.2  ft  recorded  on  l6  January  19*+0. 

22.  The  study  of  the  daily  stage  versus  duration  curves  reveals 
that,  on  the  average,  daily  stages  are  lower  now  than  a century  ago. 

In  the  period  1861-1900,  the  stage  equaled  or  exceeded  50  percent  of  the 
time  was  11  ft,  whereas  in  the  later  period,  it  was  8.5  ft.  There  have 
been  more  very  low  and  very  high  stages  in  the  last  70  years  than  in  the 
first  *+0  years  of  record. 

23.  The  changes  in  river  stage  at  St.  Louis  in  the  last  century 


are  due  mainly  to  the  rock  and/or  pile  dikes  and  the  levees.  Construc- 
tion of  rock  and  pile  dikes  causes  sedimentation  in  the  dike  field. 

Trees  and  willows  grow  on  the  deposits,  stabilize  them,  and  encourage 
additional  deposits  whenever  the  area  is  flooded.  In  most  cases,  the 
ultimate  effect  of  the  dike  field  is  to  cause  the  river  to  develop  a new 
bankline  at  the  extremity  of  the  dike  field,  resulting  in  reduced  chan- 


nel width  and  a lowering  of  the  riverbed  level. 

2h.  The  levees  have  isolated  the  major  portion  of  the  floodplain 
from  the  river  channel,  so  that  all  floodwaters  are  now  confined  to  the 
river  channel  and  that  portion  of  the  floodplain  between  the  channel  and 
the  levees.  For  discharges  ranging  from  300,000  to  500,000  cfs,  the 
present  increased  stages  are  due  to  dikes.  For  discharges  in  excess  of 
500,000  cfs,  the  higher  stages  are  a result  of  the  combined  effect  of 


dikes  and  levees . 

River  stage  versus  discharge 

25.  The  stage-versus-discharge  relationship  has  changed  markedly 
as  a direct  result  of  river  constrictions  and  sediment-supply  interrup- 
tions. Constrictions  have  resulted  in  riverbed  lowering  due  to  the  in- 
creased discharge  and  sediment  transport  capacity  per  unit  width.  Dams 
on  the  Missouri  River  have  aggravated  the  situation  by  reducing  the  sed- 
iment supply.  Therefore,  during  low  discharge  (less  than  3 00,000  cfs), 
the  stages  are  lower  in  the  developed  river.  The  natural  and  the  de- 
veloped river  have  a coinciding  stage  and  discharge  of  19  ft  and  290,000 
cfs,  respectively,  as  recorded  in  1837  and  19^6.  For  the  developed 
river,  any  discharge  above  300,000  cfs  results  in  higher  stages  than  was 
experienced  for  similar  discharges  in  the  natural  river. 


Side  Channels 

26.  In  order  to  achieve  the  9-ft-deep  low-water  navigation  chan- 
nel in  the  study  area  and  to  reduce  maintenance  dredging  of  the  channel, 
the  unobstructed  river  channel  will  be  narrowed  to  a width  of  approxi- 
mately 1500  ft  by  projecting  rock  dikes  from  one  or  both  riverbanks 
into  the  channel.  Some  water  areas  will  exist  within  the  dike  fields; 
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thus  the  actual  water  surface  width  will  be  greater  than  1500  ft  but 
may  be  different  for  each  reach  of  the  river.  When  necessary,  the  op- 
posite bankline  will  be  protected  with  revetment  to  control  its  migra- 
tion. In  planning  these  contraction  works,  the  Corps  is  endeavoring  to 
optimize  the  project  plans  to  meet  the  standards  of  conservation  and 
flood  control  interests  as  well  as  those  of  navigation. 

27.  The  planned  contractions  on  the  Middle  Mississippi  River  will 
produce  bank- full  stages  at  lower  discharge.  Also,  the  planned  contrac- 
tions will  lower  the  bed  elevation  of  the  channel  and  will  produce  lower 
stages  at  low  discharges.  In  the  past,  river  contraction  works  have 
created  new  islands,  side  channels,  and  floodplain  lands. 

28.  In  the  Middle  Mississippi,  some  side  channels  were  natural  in 
origin.  However,  many  of  the  more  recent  side  channels  are  the  result 
of  dike  fields  constructed  by  the  Corps  of  Engineers  to  improve  the 
navigation  channel. 

29.  The  interest  concerning  the  habitat  for  biological  communities 
provided  by  the  side  channels  leads  to  the  questions  of  how  side  channels 
form;  how  they  change  with  time;  and  how  navigation  improvement  works 
affect  them.  It  is  especially  important  to  understand  why  some  natural 
side  channels  have  existed  for  more  than  100  years  whereas  others  fill 
and  are  obliterated  within  a decade. 


Natural  Side  Channels 


30.  In  the  natural  river,  side  channels  and  islands  were  formed 
because  of  a complex  series  of  events.  Two  of  the  ways  in  which  a natu- 
ral channel  becomes  divided  are  explained  in  the  following  section.  The 
first  is  the  division  of  a straight  channel  into  two  channels;  the  second 
is  the  division  of  a meandering  channel  by  the  development  of  a side 
channel  at  a bend. 

Straight  channels 

31.  In  the  early  history  of  the  Middle  Mississippi  River,  the 
depositional  environment  necessary  to  produce  a divided  channel  was 
often  created  by  floating  trees  or  other  objects  snagging  on  sandbars 


during  flood  recession.  The  bed  current  would  then  sweep  around  the 
obstruction  and  deposit  sediment  in  its  wake.  If  succeeding  floods  did 
not  remove  the  deposition  and  vegetation  was  established,  an  island  and 
a side  channel  were  formed. 

32.  An  example  of  the  sequence  of  events  in  the  formation  of  an 
island  and  later  destruction  of  a side  channel  in  a straight  reach  of 
undeveloped  river  would  be  as  follows: 

a.  Existence  of  a depositional  environment  within  an  existing 
channel. 

b.  Arrival  of  a local  disturbance,  for  example,  a sunken 
barge,  which  triggered  rapid  deposition  of  a sandbar. 

c.  Establishment  of  vegetation  on  the  bar.  At  this  point, 
the  sandbar  became  an  island  separated  from  the  mainland 
by  a side  channel. 

d.  Encroachment  of  the  island  and  mainland  banks  into  the 
side  channel. 

e.  Deposition  of  mud  over  the  whole  area  when  flows  became 
essentially  slack  water;  that  is,  the  side  channel  be- 
came a backwater  channel. 

_f.  Ultimate  merger  of  the  island  with  the  mainland  flood- 

plain,  thus  ending  the  existence  of  the  backwater  channel. 

Meandering  channels 

33.  In  a meandering  river,  the  division  of  the  main  channel  into 
two  or  more  channels  can  occur  at  bends,  meander  loops,  and  straight 
reaches.  The  formation  of  side  channels  at  a bendway  may  be  due  to 
bankline  migrations,  but  side  channels  also  occur  in  the  absence  of 
bankline  migrations.  The  water  hydrography  plays  an  important  role  in 
the  formation  of  side  channels  in  natural  rivers,  but  side  channels  form 
in  the  laboratory  model  bendways  when  the  discharge  is  held  constant.  In 
some  bends,  the  side  channel  captures  the  main  channel  flow  and  leaves 
the  main  channel  with  only  a side  channel  status.  In  other  cases,  the 
side  channel  at  a bendway  fills  rapidly.  Some  of  the  reasons  for  forma- 
tion of  secondary  channels  in  a meandering  river  are  discussed  below. 

34.  Point  bar  cutoffs.  Point  bar  cutoffs  occur  during  high  flows 
because  at  higher  velocities  the  flow  momentum  encourages  a less  tortuous 
river  path.  That  is,  during  floods,  the  flow  straightens  ono  in  the 
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river  channel.  Some  of  the  floodwater  short-circuits  the  low-water 
thalweg  around  the  outside  of  the  bend  and  develops  a channel  across 
the  point  bar  adjacent  to  the  convex  bank.  The  receding  flow  waters 
leave  the  main  channel  on  the  concave  side,  a middle  bar,  and  a channel 
on  the  convex  side  of  the  bend.  If  the  middle  bar  becomes  vegetated,  a 
chute  channel  is  formed. 

35-  At  lesser  flows,  the  channel  on  the  convex  side  of  the  bend 
fills  with  sediment  carried  by  slow-moving,  sediment-laden  bed  currents 
flowing  around  the  inside  of  the  bend. 

36.  Meander  loop  cutoffs.  The  meander  loop  chute  cutoff  is 
formed  by  the  same  process  as  the  point  bar  cutoff  but  on  a larger  scale. 
During  floods , the  momentum  of  the  surface  water  carries  it  across  the 
neck  of  the  meander  loop.  If  the  short-circuiting  water  can  scour  out 
a channel,  a chute  cutoff  of  the  meander  loop  is  formed.  This  chute 
channel  generally  develops  into  the  main  channel  and  the  meander  loop 
channel  becomes  an  oxbow  lake. 

37-  Potential  for  a meander  loop  chute  cutoff  is  great  where  the 
length  of  the  meander  loop  channel  is  many  times  the  distance  across  the 
neck.  The  chute  cutoff  would  be  accomplished  most  likely  by  a large 
flood. 

38.  When  a cutoff  is  the  result  of  the  migration  of  one  bend  into 
another,  no  chute  is  formed;  the  cross  connection  is  a gooseneck  cutoff 
or  merely  a cutoff.  The  meander  loop  abandoned  by  the  cutoff  becomes  an 
oxbow  lake. 

39-  Lateral  bankline  migration.  If  the  bankline  migration  is 
normal  to  the  river  valley,  side  channels  form  on  the  inside  of  bends. 

The  process  of  formation  is  different  from  that  of  the  point  bar  cutoff. 
The  point  bar  cutoff  is  formed  by  erosion,  whereas  i the  lateral  migra- 
tion case,  the  side  channel  is  usually  a depositional  feature  on  the 
inside  of  the  bend.  The  size  of  the  side  channel  is  increased  at  times 
by  floodwaters. 

Summary 

^0.  In  summary,  an  alluvial  river  in  its  natural  state  can  di- 
vide into  two  or  more  channels  by  the  processes  of  either  erosion  or 
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deposition.  The  side  channels  so  formed  can  grow  in  size  and  capture 
most  of  the  discharge  and  become  the  main  channel;  they  can  deteriorate 
in  size  and  become  a part  of  the  floodplain;  or  they  can  grow  to  the 
same  size  as  the  main  channel  and  maintain  that  size.  In  the  natural 
state,  those  side  channels  that  are  obliterated  by  deposition  are  re- 
placed by  new  side  channels  caused  by  floods  and/or  river  migrations. 

4l.  In  the  Middle  Mississippi,  the  river  is  no  longer  free  to 
migrate  and  produce  new  side  channels.  There  are  no  meander  loops  to 
be  cut  off  by  floods.  Except  for  the  major  chute  channels,  natural  side 
channels  in  the  Middle  Mississippi  River  are  being  filled  with  sediment. 
The  major  chute  channels  such  as  Cape  Bend  have  achieved  a size  that 
indicates  that  they  could  exist  for  a long  period  of  time. 

Man-Made  Side  Channels 

1+2.  Today  most  of  the  more  recent  side  channels  in  the  Middle 
Mississippi  River  are  man-made.  These  side  channels  form  in  and  along 
the  dike  systems  constructed  to  improve  the  river  navigation  channel. 
Dike  fields  are  projected  into  the  river  channel  to  contract  the  river 
width  at  low  flow.  In  the  contracted  form,  the  river  thalweg  remains 
in  approximately  the  same  low-flow  position  every  year.  Moreover,  low- 
flow  depths  in  the  contracted  river  are  deeper  than  in  the  broader 
natural  channel. 

1+3.  The  contraction  of  the  Middle  Mississippi  River  with  dikes 
has  eliminated  most  of  the  natural  side  channels.  In  many  cases,  these 
natural  side  channels  have  been  replaced  with  man-made  side  channels 
that  may  be  more  favorable  habitats  for  fish  and  wildlife.  It  may  be 
beneficial  to  the  river  ecology  to  retain  and  maintain  man-made  side 
channels  as  well  as  the  natural  side  channels. 

1+1+ . A side  channel  produced  by  dike  fields  is  often  relatively 
short-lived.  The  dike  fields  and  side  channels  fill  with  sediment 
rapidly  because  dike  fields  are  usually  located  in  areas  of  natural 
deposition.  Once  the  side  channel  is  filled  with  sediment,  there  is 
easy  access  to  the  island  area.  In  many  cases,  the  filled  side  channel 
area  and  the  island  area  are  converted  to  agricultural  use.  Thus, 
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the  areas  are  no  longer  suitable  as  fish  and  wildlife  habitats.  Cleared 
areas  provide  less  resistance  to  high  flows  than  treed  areas  and  are 
more  efficient  in  passing  large  flows  at  lower  stages. 

45.  The  life  history  of  side  channels  and  dike  fields  is  evident 
in  all  reaches  of  the  Middle  Mississippi  River.  Dikes  were  built  in 
the  Middle  Mississippi  after  the  close  of  the  nineteenth  century.  In 
almost  every  reach,  there  are  old  dike  fields  that  have  been  completely 
covered  by  sediment  and  vegetation  and  are  now  indistinguishable  from 
the  mainland;  there  are  new  and  old  dikes  visible  only  where  they  cross 
backwater  channels  and  at  the  main  channel  extremity;  and  there  are  new 
dike  fields  as  yet  not  covered  by  sediments  and  vegetation.  A side 
channel  in  a dike  field  passes  through  stages  of  development  usually  to 
a stage  where  the  side  channel  is  indistinguishable  from  the  adjacent 
floodplain. 

Model  study 

46.  A detailed  laboratory  model  study  of  the  evolutionary  devel- 
opment of  side  channels  in  dike  fields  was  made  by  CSU  in  which  the 
methods  of  prolonging  the  life  of  man-made  side  channels  were  studied. 
The  CSU  river  research  flume  was  a 20-ft-wide  by  100-ft-long  sand-bed 
flume;  the  bed  material  was  0.8-mm  sand.  A 6-ft-wide  channel  was 
formed  in  the  sand,  and  the  sand  banks  of  the  channel  were  stabilized 
with  mortar.  The  model  did  not  have  a floodplain.  The  riverbanks  in 
the  model  represented  the  riverbanks  and  levees  or  bluff  lines  in  the 
Middle  Mississippi  River.  Dike  fields  were  built  in  different  reaches 
of  the  river  channel.  Dikes  were  constructed  with  riverbed  sand  cov- 
ered with  a stabilizing  mix  of  sand  and  cement.  The  dikes  had  a 1.5:1 
slope  on  the  upstream  face  and  a 2:1  slope  on  the  downstream  face.  The 
dike  lengths  were  varied  from  10  to  28  in. , depending  on  the  location 
of  the  dike.  Dike  crest  elevations  were  established  so  that  the  dikes 
were  submerged  at  high  flows  but  exposed  at  low  flows. 

47.  The  flow  rate  in  the  model  was  varied  between  0.25  and 

1.5  cfs  to  reproduce  the  form  of  the  yearly  flow  duration  curve  in  the 
Middle  Mississippi  River.  Although  there  was  movement  of  sediment  in 
the  model  crossings  at  low  flows,  sediment  transport  in  the  model  was 


significant  only  at  higher  flow  rates.  That  is,  except  for  a few  bed 
adjustments,  the  low- flow  discharge  followed  the  channel  established  at 
higher  flow  rates. 

1*8.  In  the  model  there  was  a small  amount  of  clay  mixed  with  the 
sand.  This  clay  was  moved  as  suspended  load  and  was  deposited  in 
backwater  areas  where  the  currents  were  very  slow.  These  clay  deposits 
were  very  thin  and  did  not  change  the  geometry  of  the  backwater  areas 
appreciably. 

1*9.  The  sand-bed  model  was  operated  in  such  a manner  as  to  produce 
bars , scour  holes , and  other  riverbed  forms  that  occur  in  the  Middle 
Mississippi  River. 

50.  The  model  was  not  used  to  reproduce  specifically  any  given 
reach  of  the  river  but  instead  to  simulate  typical  sections  of  the  river. 
In  this  manner,  various  dike  and  dike  field  arrangements  were  studied 
with  model  flow  rates  in  the  form  of  a long-term  average  hydrograph  to 
test  and  observe  qualitatively  the  river's  response  to  the  man-made 
structures  and  the  development  of  natural  channels. 

The  single  dike  model 

51.  Based  on  the  model  study,  when  a single  dike  is  projected 
from  one  bank  out  into  the  channel  flow,  the  flow  velocities  increase, 
especially  around  the  nose  of  the  dike.  The  increased  velocity  causes 
sand  to  be  scoured  from  the  region  around  the  nose  of  the  dike.  Because 
the  bed  velocities  at  the  nose  of  the  dike  are  still  less  than  the  sur- 
face velocities,  it  is  the  sediment-laden  bed-velocity  layer  that  makes 
the  turn  into  the  lee  side  of  the  dike,  where  the  flow  expands  and  slows. 
On  the  lee  side  of  dikes  placed  in  natural  depositional  areas,  the  sedi- 
ments are  deposited  and  form  a bar. 

52.  After  the  scour  hole  at  the  nose  of  the  dike  has  reached 

an  equilibrium  depth,  the  flow  field  around  the  nose  of  the  dike  takes 
the  normal  bed  materials  moving  in  from  above  the  dike  and  places  these 
sediments  on  the  bar.  Thus,  in  the  model,  the  bar  continues  to  grow, 
even  after  the  scour  hole  has  ceased  growing. 

53.  As  soon  as  the  bar  is  formed,  a derelict  channel  is  left  in 
the  area  between  the  bar  and  the  bankline.  This  channel  accepts  the 


flow  over  the  bar  and  drains  that  flow  out  the  lower  end.  If  the  bar 
were  to  become  vegetated  or  otherwise  stabilized,  the  small  channel  be- 
tween the  bar  and  the  bank  would  become  a side  channel.  The  future  of 
the  side  channel  would  depend  on  river  alignment,  discharge,  and  sedi- 
ment transport . 

54.  The  construction  of  a single  2-ft-long  dike  into  the  6-ft- 
wide  channel  of  the  model  produced  a scour  hole  in  the  channel  bed  at 
the  nose  of  the  dike  and  a sandbar  downstream  of  the  dike.  This  single 
dike  did  not  produce  any  general  degradation  of  the  channel  bed  on  the 
side  opposite  the  dike.  The  vortex  flow  around  the  nose  of  the  dike  was 
capable  of  passing  enough  water  through  the  scour  hole  so  that  there 
were  no  increases  in  velocities  on  the  opposite  bank.  Because  velocities 
on  the  opposite  bank  were  not  increased,  the  bed  level  on  that  side  re- 
mained constant  - 

55.  If  left  to  evolve  further,  the  bar  would  have  continued  to 
move  into  the  area  occupied  by  the  small  channel  until  the  channel  was 
filled  by  sand  avalanching  over  the  crest  of  the  bar  and  into  the  side 
channel.  The  upper  part  of  the  small  channel  would  close  first,  and 
thereafter  closure  would  progress  downstream.  A calm  backwater  area 
would  remain  on  the  immediate  lee  side  of  the  dike.  After  development, 
the  level  of  the  bar  surface  would  be  nearly  equal  to  the  flow  stage 
that  produced  the  bar. 

56.  The  crest  of  the  dike  was  constructed  so  that  flood  flows 
passed  over  the  crest  but  low  flows  did  not.  The  height  of  the  dike  had 
an  important  influence  on  the  bar  builuup.  As  the  elevation  of  the 
crest  was  increased,  more  and  more  flow  was  forced  to  pass  around  the 
nose.  Once  the  crest  elevation  was  greater  than  the  high-water  level, 
the  crest  elevation  had  no  more  incremental  effect  on  the  flow.  A dike 
with  a higher  crest  level  produced  a shorter  bar  more  rapidly  than  did 
the  intermediate-level  dike.  Also,  with  the  high  dike  and  favorable 
depositional  conditions  upstream,  the  small  channel  filled  more 
rapidly. 

57*  The  effect  of  changing  the  flood  level  in  the  laboratory 
model  was  opposite  to  that  of  changing  the  dike  crest  levels.  Lower 
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flood  levels  resulted  in  shorter  bars  and  in  a more  rapidly  filling 
small  channel. 

Dike  field  model 

58.  Adding  another  dike  in  the  model  on  the  same  side  of  the  chan- 
nel downstream  of  the  single  dike  changed  the  bar -building  processes 
significantly.  The  initial  effect  was  that  much  less  flow  entered  the 
region  between  the  two  dikes  and  more  flow  passed  into  the  contracted 
section.  The  second  dike  blocked  the  discharge  of  the  small  channel 
along  the  bank  and  less  water  and  sediment  entered  the  region  between 
the  dikes.  The  net  result  was  that  the  bar  between  the  dikes  grew  and 
moved  inward  much  more  slowly  than  when  there  was  only  a single  dike. 

59-  As  in  the  case  of  the  single  dike,  the  addition  of  vegeta- 
tion to  the  bar  helped  to  preserve  the  life  of  the  side  channel  by 
stopping  the  movements  of  large  amounts  of  bed  sediments  over  the  bar. 
Sedimentation  still  occurred  in  the  backwater  channel  but  at  a signifi- 
cantly reduced  rate. 

60.  The  rates  of  sedimentation  between  the  dikes  were  very  rapid 
immediately  after  the  dikes  were  built.  The  local  scour  at  the  nose  of 
the  dikes  supplied  the  initial  sediment;  thereafter  the  bar-building 
materials  were  bed  sediments  transported  by  the  river  flows.  When  the 
bar  became  vegetated,  sediment-laden  bed  currents  no  longer  flowed  over 
the  bar.  Sedimentation  resulted  from  the  settling  out  of  the  suspended 
sediments,  the  major  portion  of  which  was  fine  sand,  from  the  slow- 
moving  currents.  The  rate  of  sedimentation  was  significantly  reduced. 

61.  Later,  the  side  channel  became  isolated  from  the  main  chan- 
nel by  a dense  growth  of  vegetation.  Very  little  water  flowed  in  the 
side  channel  because  the  path  through  the  side  channel  was  much  more 
resistant  to  flow  than  the  main  channel.  The  side  channel  had  become  a 
backwater  channel.  The  bed  and  banks  of  this  channel  and  the  surface 

of  the  island  were  covered  with  mud  which  deposited  from  the  slack  water 
that  entered  the  side  channel  and  covered  the  island  during  floods. 

The  side  channel  slowly  deteriorated  in  size  due  to  the  yearly  deposi- 
tion of  mud;  the  rate  of  deposition  is  on  the  order  of  1 to  5 in.  per 
year  in  the  Middle  Mississippi. 
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62.  In  the  absence  of  rare  natural  events,  nearly  all  natural  and 
man-induced  side  channels  will  completely  fill  with  sediment  unless  some- 
thing is  done  to  maintain  them.  The  rates  of  sedimentation  vary  greatly. 
Large  chute  channels  can  remain  open  for  a century  or  may  fill  very 
rapidly  depending  on  each  situation.  In  most  cases,  side  channels  are 
transient  features  of  the  riverscape.  They  form  and  then  are  modified, 
and  finally  are  filled  by  deposition. 

63.  In  the  model,  the  addition  of  a second  dike  was  usually  suf- 
ficient to  cause  a general  degradation  of  the  channel  on  the  opposite 
side.  The  degradation  caused  a lowering  of  low-water  levels,  which 
could  leave  the  small  channel  dry  during  periods  of  low  flow. 

64.  To  study  the  evolution  of  forms  within  a dike  field,  three 
model  dikes  were  constructed  in  a straight  stretch  of  laboratory  river  to 
be  submerged  during  floods  but  exposed  during  low  flow.  The  combination 
of  flow  over  the  dikes  and  blockage  of  the  discharge  in  the  side  channel 
by  the  downstream  dikes  produced  small  bars  and  relatively  large  chan- 
nels in  the  dike  field. 

65.  In  order  to  prolong  the  evolution  of  the  dike  field  morphol- 
ogy, the  elevation  of  the  upstream  dike  crest  was  raised  to  a level 
above  the  flood  level.  The  bars  immediately  enlarged  and  moved  bank- 
ward,  decreasing  the  size  of  the  channel  along  the  bank. 

66.  When  the  enlargement  of  the  bar  ceased  before  the  channel 
along  the  bank  filled,  a notch  was  cut  in  the  middle  dike  at  the  bank- 
line. The  notch  permitted  increased  flow  over  the  upstream  bar,  which 
in  turn  built  rapidly  bankward.  There  was  no  increase  in  flow  over  the 
downstream  bar,  but  the  channel  below  the  notch  filled  with  sediment 
carried  from  above.  Soon  the  entire  region  in  the  dike  field  was  filled 
with  sediment. 

67.  The  dike  field  performed  admirably  in  terms  of  forming  a deep, 
low-water  main  channel.  The  dike  field  narrowed  the  entire  river  chan- 
nel except  at  stages  above  bank- full.  The  small  channel  and  the  surface 
of  the  bar  were  dry  most  of  the  time. 

68.  The  material  in  the  deposition  areas  came  from  the  low-water 
channel  and  from  the  bed  load  carried  by  the  river  into  the  contracted 
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reach.  Once  the  model  dike  field  filled  with  sediment,  the  contraction 
had  no  measurable  effect  on  sediment  transport. 

Notched-dike  model 

69.  In  the  laboratory  studies  of  the  dike  fields,  the  notching  of 
the  middle  dike  resulted  in  rapid  sedimentation  in  the  entire  dike  field. 
In  subsequent  tests,  a notch  was  cut  in  the  lower  dike  as  well.  With 
the  additional  notch,  a side  channel  was  obtained  and  maintained  in  the 
dike  field. 

70.  The  side  channel  produced  by  the  configuration  of  a solid 
lead  dike  and  two  notched  dikes  consisted  of  a series  of  scour  holes 
immediately  downstream  of  the  bankline  terminal  of  each  dike.  Such 
scour  holes  would  produce  bankline  failures  along  the  side  channel  if 
the  banklines  were  not  stabilized.  (in  the  model,  the  bankline  was 
constructed  with  a sand-cement  mix. ) 

71.  During  flood  stages,  the  side  channel  was  supplied  a small 
amount  of  clear  water  flowing  over  the  solid  lead  dike  and  a large 
amount  that  flowed  around  the  nose  of  the  lead  dike,  across  the  bar 
along  the  edge  of  the  trees,  across  the  crest  of  the  second  dike,  and 
then  into  the  side  channel.  During  periods  of  low  flow,  the  side  channel 
was  a slack-water  area.  During  floods  and  intermediate  flows,  the  side 
channel  received  sediments  carried  by  the  flow  around  the  nose  of  the 
dike,  but  the  amounts  were  not  large.  These  sediments  were  transported 
on  through  the  dike  system.  At  low  flows  the  side  channel  area  re- 
ceived no  sediments. 

Summary 

72.  In  summary,  laboratory  studies  were  successful  in  obtaining 
and  maintaining  side  channels  in  dike  fields  under  the  following 
conditions : 

a.  The  bed  elevation  of  the  region  where  dikes  were  placed 
was  below  the  low-water  level.  Otherwise,  the  side 
channels  were  dry  at  low  flow. 

b.  If  there  was  flow  at  all  stages  in  the  side  channel, 
the  sediment  transport  capacity  of  the  side  channel 
could  not  be  exceeded. 
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c_.  If  the  side  channel  was  isolated  from  the  main  channel  by 
large,  heavily  vegetated  islands  and  there  was  a high, 
solid  lead  dike,  the  side  channel  would  become  a slack- 
water  area,  which  would  have  a long  life  similar  to  that 
of  Picayune  Chute. 

73.  The  outlook  for  obtaining  and  preserving  side  channels  in  the 
Middle  Mississippi  River  by  designing  suitable  structures  in  the  dike 
fields  is  not  good. 

74.  In  the  Middle  Mississippi  River,  dike  fields  are  usually 
placed  in  natural  depositional  areas  such  as  the  inside  of  bends.  The 
bed  elevations  in  these  areas  are  greater  than  the  low-water  stages. 

Any  side  channels  formed  in  such  areas  will  be  dry  for  a portion  of  the 
year. 

75.  In  nearly  all  field  situations,  the  inlet  to  the  side  chan- 
nel formed  by  dike  fields  is  located  in  such  a position  that  the  sedi- 
ment transport  capacity  will  be  exceeded.  Generally  speaking,  the  life 
of  such  side  channels  will  be  increased  if  these  intakes  are  closed 
soon  after  the  side  channels  form. 

76.  It  is  possible  to  realign  the  river  so  that  the  intake  to  a 
side  channel  is  in  favorable  position  and  alignment  to  obtain  relatively 
sediment-free  water.  Realigning  the  river  to  form  a favorable  offtake 
is  possible  but  would  require  massive  structures  to  resist  the  forces  of 
the  main  channel  currents.  An  alternative  would  be  to  realign  the  en- 
tire river  with  standard  dikes. 

77-  Notched  dikes  may  help  in  extending  the  life  of  very  few 
side  channels.  In  general,  the  notched  dike  cannot  be  located  in  the 
proper  position  in  the  flow  field.  Also,  bankline  instability  results 
at  notches  where  large  scour  holes  occur  next  to  the  bankline. 

78.  Because  dike  fields  result  in  the  lowering  of  the  low-  and 
intermediate-water  stages,  it  is  anticipated  that  groundwater  levels  in 
the  aquifers  connected  to  the  river  could  be  lowered.  Also,  some 
degradation  of  the  tributary  channels  that  flood  while  the  main  channel 
is  at  low  stage  should  be  anticipated. 
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PART  III;  TERRESTRIAL  FLORA  AND  FAUNA  OF  THE 
UNPROTECTED  FLOODPLAIN 


79-  The  study  by  SIU  integrated  the  results  of  all  published  and 
unpublished  works  dealing  with  the  Mississippi  River  floodplain  with 
those  of-  present  field  research  in  order  to  characterize  the  biology  of 
the  project  area.  This  was  accomplished  through  extensive  literature 
review,  communication  with  knowledgeable  persons,  examinations  of  vari- 
ous floral  and  faunal  collections,  and  field  investigations  in  selected 
study  areas  containing  representative  plant  communities  of  the  unpro- 
tected floodplain.  This  part  presents  a summary  of  the  SIU  report. 

Study  Area 

80.  The  study  area  was  divided  into  nine  major  vegetation  cover 

types:  sand  and  mud  flat,  young  bar,  younger  stand,  older  stand,  early 

secondary  succession,  cultivated  field,  old  field,  water  area,  and  de- 
veloped land.*  These  cover  types  have  many  environmental  conditions  in 
common.  Factors  such  as  temperature,  day  length,  precipitation,  and 
general  atmospheric  conditions  were  nearly  the  same  for  all  cover  types; 
topography,  soil  properties,  habitat  diversity,  available  moisture  and 
light,  and  the  degree  and  frequency  of  inundation  were  not  as  similar. 

81.  Five  study  areas  in  Illinois  and  one  area  in  Missouri  were 
selected  in  the  unprotected  floodplain  of  the  project  area.  Four  Illi- 
nois sites  were  located  at  50-mile  intervals  (river  miles  162,  115,  60, 
and  6)  for  latitudinal  definition.  The  fifth  Illinois  site,  located  at 
river  mile  113,  was  on  the  Missouri  side  at  Kaskaskia  Island.  Since  the 
unprotected  floodplain  in  Missouri  was  limited,  one  site  was  selected 

at  river  mile  6k,  approximately  halfway  between  Kaskaskia  Island  and 
Cairo,  Although  the  sites  encompassed  a north-south  distance  of 


* The  term  "cover  type"  can  be  equated  with  the  term  "community."  How- 
ever, "young  bar,"  "younger  stand,"  and  "older  stand"  are  not  com- 
munities in  the  strict  sense  of  the  term  due  to  intergradations; 

"water  area"  and  "developed  land"  refer  to  physical  aspects. 
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l6l  miles,  there  were  no  apparent  differences  due  to  latitude.  System- 
atic sampling  and  general  observations  at  six  study  sites  revealed  1U5 
species  of  plants  in  eight  vegetation  cover  types. 


82.  The  flora  of  the  unprotected  floodplain  was  largely  composed 

of  plants  of  two  habitat  types:  semiaquatic  and  open-disturbed.  Due 

to  the  swiftness  of  the  river  and  the  frequency  of  flooding,  there  were 
relatively  few  stable  aquatic  environments.  Consequently,  many  plants 
normally  expected  in  the  floodplain  were  apparently  rare  or  absent  in 
the  unprotected  areas. 

83.  The  disturbing  effects  of  the  river  were  reflected  in  the 
type  of  flora  present  in  the  project  area.  Generally,  those  plants 
found  were  common  and  likely  to  be  found  in  many  other  low-lying  and 
disturbed  areas  in  Missouri  and  Illinois.  Trumpet  vine,  grape,  bur 
cucumber,  balloon  vine,  catbrier,  and  other  climbing  plants  appeared 
especially  adapted  to  an  environment  frequently  disrupted  by  flooding. 
The  poorly  developed  soils,  resulting  from  frequent  flooding  and  con- 
tinuous soil  deposition,  attract  a weedy  flora.  Despite  the  open, 
pioneer  nature  of  the  unprotected  floodplain,  the  flora  does  not  contain 
an  unusually  high  number  of  nonnative  plants.  Approximately  20  percent 
of  the  species  were  considered  introduced.  About  25  percent  of  the 

entire  flora  of  Illinois  were  composed  of  nonnative  taxa,"*"  and  23  per- 
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cent  were  nonnative  in  Missouri. 


8U.  The  presence  of  four  species  of  ground  cherry  (Acalypha 
spp.),  eight  of  spurge  (Chamaesyce  spp.),  and  eight  of  smartweed 
( Polygonum  spp. ) was  indicative  of  the  instability  of  the  unprotected 
floodplain.  Highly  productive  and  opportunistic  species  of  willows, 
cottonwood,  and  composites  (Aster  spp. , Bidens  spp. ) were  characteristic 
of  the  area.  The  presence  of  other  common  weedy  plants  like  poison 
ivy,  pokeberry,  cocklebur,  and  ragweed  indicated  the  ubiquitous  nature 
of  many  plants  in  the  unprotected  floodplain. 


Description  of  plant  communities 

85.  Young  bars,  which  comprised  11.9  percent  of  the  total  acre- 
age in  the  study  area,  supported  the  greatest  diversity  of  plants; 

77  species  were  observed.  This  community  type  lies,  in  most  instances, 
between  a primary  successional  community  (sand  and  mud  flat)  and  one 
that  has  gained  a degree  of  stability  (younger  stand).  Therefore,  many 
species  common  to  these  closely  associated  types  overlap  with  those 
species  that  are  characteristic  of  young  bars.  Ten  species  were  found 
unique  to  the  young  bar  habitat. 

86.  Younger  stands  comprised  29.9  percent  of  the  total  acreage 
of  the  study  area.  This  habitat  type  was  next  highest  in  diversity 
with  65  species  observed.  Younger  stands  formed  the  most  common  natu- 
ral cover  type  in  the  unprotected  floodplain  but  were  the  most  diffi- 
cult to  delineate  from  other  cover  types.  Younger  stands  were  associ- 
ated with  the  greatest  number  of  other  cover  types  and  often  bordered 
the  main  channel  of  the  Mississippi  River,  especially  on  the  cut-bank 
side,  or  were  adjacent  to  backwater  sloughs,  cultivated  fields,  or  old 
fields. 

87.  Early  secondary  succession  (3.5  percent)  with  51  species  and 
old  fields  (0.9  percent)  with  50  species  appeared  similar  and  had  22 
species  in  common.  However,  the  former  type  was  most  often  located 
within  established  woodlands  (older  stands,  younger  stands,  young  bars), 
and  the  latter  was  associated  with  cultivated  fields.  Species  diversity 
in  both  was  enhanced  by  the  availability  of  light  and  the  relative  lack 
of  leaf  litter. 

88.  Sand  and  mud  flats  form  a distinct,  easily  recognized  com- 
munity. They  were  not  extensive,  composing  only  2.2  percent  of  the 
total  acreage.  The  open,  pioneer  nature  of  the  flats  provides  a tem- 
porary but  suitable  habitat  for  a diversity  of  species  that  is  depos- 
ited by  frequent  periods  of  high  water.  Twenty-seven  species  were 
reported  from  this  cover  type. 

89-  Older  stands  were  the  most  mature  cover  type  in  the  un- 
protected floodplain,  making  up  0.5  percent  of  the  total.  The  largest 
older  stand,  located  on  Devil's  Island,  was  sampled.  Despite  its 


maturity,  species  diversity  was  considerably  below  that  of  less  mature 
stands.  Thirty-seven  species  were  recorded,  four  of  which  were  unique 
to  this  cover  type.  This  decrease  in  species  diversity  with  community 
development  seems  to  conflict  with  some  established  trends  in  plant  suc- 
cession. According  to  Reference  3,  there  is  a trend  toward  an  increase 
in  species  diversity  as  succession  advances  from  developmental  (immature) 
to  mature  stages.  The  same  principle,  "as  a simple  community  advances 
from  a state  of  early  succession  to  the  richer  communities  of  late  suc- 
cession species  diversity  increases,"  was  found  in  Reference  U.  The 
reason  for  this  apparent  conflict  may  lie  in  the  fact  that  all  unpro- 
tected floodplain  vegetation  types  have  many  invading  and  opportunistic 
species  that  flourish  in  a disturbed  and  developing  habitat.  With  a 
developing  community,  however,  comes  shade,  leaf  litter  accumulation, 
and  fewer  disturbances.  Most  invading  species  are  not  favored  by  these 
factors  since  a lighted,  open  environment  is  an  important  requirement 
for  germination  and  early  growth.  Furthermore,  disturbance  in  the  form 
of  flooding  is  an  important  seed  dispersal  mechanism,  of  greater  impor- 
tance in  less  mature  communities.  Further  development  to  a nonopportu- 
nistic  community  would  no  doubt  bring  greater  species  diversity. 

90.  Cultivated  fields,  which  include  actively  and  recently 
cropped  land  and  fallow  fields,  formed  the  most  extensive  cover  type 
(UU.5  percent).  Levees  were  also  included  in  this  cover  type  because 
they  are  mowed  and  are  often  used  as  pasture.  Cultivated  areas  are 
not  significant  successional  communities  in  the  unprotected  floodplain. 
The  diversity  and  frequency  of  noncultivated  species  occurring  in 
cropped  or  fallow  fields  are  often  seasonal  and  a function  of  farming 
activity.  Thirty-five  species,  not  including  crop  plants,  were  re- 
corded from  this  habitat. 

91.  Water  areas  (5.5  percent)  are  highly  unstable  due  to  flush- 
ing in  normal  high  water  and  the  ephemeral  nature  of  many  backwater 
sloughs  and  depressions.  No  emergent  species  were  recorded,  and  only 
one  floating  plant,  duckweed,  was  observed  in  this  cover  type. 

92.  Developed  land  accounted  for  1.2  percent  of  the  total  acre- 
age. Due  to  potential  loss  or  deterioration  of  equipment  and  buildings, 
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development  of  land  in  the  unprotected  floodplain  is  minimal. 

93.  Overall,  302  plant  species  in  66  families  were  recorded  in 
the  unprotected  floodplain.  Thirteen  species  of  plants  that  are  en- 
dangered or  status  unknown  in  Illinois  or  Missouri  or  both  occur  in  the 
unprotected  floodplain. 

Successional  trends 

9^.  The  recent  history  and  developmental  trends  in  unprotected 
floodplain  vegetation  in  the  Middle  Mississippi  River  are  given  in 
References  5-8.  The  current  absence  of  many  of  the  tree  species  that 
were  once  recorded  in  the  unprotected  floodplain  suggests  that  signifi- 
cant changes  have  occurred  in  vegetation  structure  and  composition. 
Climatic  conditions  in  the  area  have  not  changed  significantly  since 
1856,  when  record-keeping  in  Illinois  was  begun.  Changes  in  river  veg- 
etation have  probably  been  brought  about  by  man's  logging  and  land- 
clearing activities,  as  well  as  by  changes  in  river  activity  resulting 
from  natural  or  man-manipulated  causes. 

95.  Logging  was  common  in  the  unprotected  floodplain  stands  with 
the  larger  trees  being  used  in  veneer  production  for  crates  and  boxes 

Q 

and  the  smaller  trees  for  pulp.  During  the  period  1830-1926,  the 
floodplain  forests  were  heavily  culled  to  supply  fuel  and  building  mate- 

Q 

rials  for  settlers  and  fuel  for  steamboats,  river  towns,  and  industry. 
Logging  in  the  unprotected  floodplain,  especially  for  pulp,  continues 
today. 

96.  Additionally,  changes  in  riverflow  caused  by  the  present 
system  of  levees,  dikes,  and  revetments  are  probably  responsible  for  the 
demise  of  several  species  that  were  once  a part  of  the  unprotected 
floodplain.  Prior  to  the  establishment  of  levees,  any  high  water  over- 
flowed the  riverbanks  and  was  distributed  over  a wide  floodplain.  The 
overflow  was  shallow  and  slow-moving;  diminished  by  percolation  and 
evaporation,  the  water  remained  a relatively  short  period  of  time.  Ex- 
cept during  the  unusual  floods  or  in  surface  depressions,  the  water  may 
not  have  topped  the  root  crown  (root-stem  conversion  zone).  "In  general, 

it  may  be  said  that  where  the  root  crown  was  not  permanently  covered 

• • 9 

with  impounded  water,  bottomland  trees  survived  remarkably  well." 


The 


i 

1 
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hypothesis  that  high  water  in  some  bottomland  areas  exercises  a selec- 
tive killing  of  trees,  thereby  determining  the  makeup  of  the  stands,  was 
stated  in  Reference  10. 

97.  With  the  advent  of  levees,  normal  floodwater  was  confined  in 
the  river-to- levee  area.  There,  water  depth,  duration  of  inundation, 
scouring  action,  and  siltation  were  increased.  Reproduction  of  less 
flood-tolerant  trees  was  inhibited  whereas  trees  more  tolerant  to  flood- 
ing succeeded. 

98.  Succession  in  the  present  unprotected  floodplain  system  be- 
gins in  primary  areas  of  sand  and  mud  flats  adjacent  to  the  water's 
edge.  These  flats  exercise  little  community  control  but  rather  are 
physically  controlled  by  the  river.  Only  rarely  do  any  of  these  primary 
plants  persist  for  more  than  one  growing  season.  Those  that  do  persist 
form  the  first  line  of  permanent  vegetation  in  the  unprotected  flood- 
plain  and  begin  a succession  of  community  types  that  is  increasingly 
internally  controlled.  Succession  proceeds  generally  stepwise  in  a 
direction  from  the  lowest  elevation  at  the  river's  edge  to  the  highest 
elevation  near  the  levee.  Disruptions  of  the  successional  process  are 
common  and  largely  the  result  of  flooding,  logging,  and  land  clearing. 
Each  progressive  stage  is  characterized  by  increasing  age,  decreasing 
numbers  of  pioneer  species,  and,  except  for  the  most  mature  stands,  by 
an  increase  in  the  land  area  occupied  by  the  succeeding  stage. 

99.  Most  plant  species  in  the  unprotected  floodplain  are  largely 
opportunistic , and  even  the  most  mature  areas  remain  under  the  influence 
of  the  flooding  river.  Therefore,  as  mentioned  earlier,  with  succession 
and  community  development  comes  an  overall  reduction  in  species  diver- 
sity rather  than  the  expected  increase  in  diversity.  Should  the  con- 
trolling effects  of  the  river  be  reduced  by  a reduction  in  flood  height 
and  frequency  and  should  the  water  table  be  lowered,  succession  would 
continue  beyond  the  present  disturbance  climax.  Species  that  were  once 
a part  of  the  unprotected  floodplain  would  likely  reappear.  With 
(perhaps  geologic  time),  a stable  floodplain  system,  not  unlike  t\ 
that  were  once  associated  with  the  ancient  river,  might  evolve  in 
areas . 
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Fauna 

100.  A total  of  53  species  of  mammals  in  l6  families  was  ob- 
served or  expected  to  occur  (based  on  previous  sightings)  in  the  proj- 
ect area -11 ’ ^ ^ Each  cover  type  offers  different  microhabitats  suit- 
able for  various  mammalian  species  (e.g. , beaver,  muskrat,  and  river 
otter  depend  on  the  relatively  still-water  areas  of  some  side  channels 
and  baylike  areas  below  rock  dikes ) . 

101.  The  white-footed  mouse,  house  mouse,  and  deer  mouse  were 
collected  in  all  terrestrial  habitats  that  were  sampled,  with  the  white- 
footed mouse  being  the  most  abundant  species  in  each  habitat  type. 

Early  secondary  succession,  younger  stands,  and  cultivated  fields 
showed  good  correlations  between  percent  catch  per  cover  type  and  per- 
cent trap-nights  per  cover  type.  On  sand  and  mud  flats  sampled  prior 

to  flooding,  2.5  times  the  expected  number  of  mammals  were  trapped, 
indicating  a good  food  supply.  The  opposite  effect  was  observed  in 
young  bars.  Old-field  vegetation  also  yielded  more  mammals  than 
expected. 

102.  One  hundred  and  seventy-four  species  and  subspecies  of 
birds  were  observed  or  expected  to  occur  in  the  unprotected  flood- 
plain.1^ Of  these  17*+,  76  species  and  subspecies  were  associated 
with  older  stands,  86  with  younger  stands,  1+8  with  early  secondary  suc- 
cession, 1+2  with  young  bars,  19  with  sand  and  mud  flats,  57  with  water, 

52  with  old  fields,  3*+  with  cultivated  fields,  and  6 with  developed  land. 
Due  to  the  similarity  in  vegetation  in  older  and  younger  stands,  the 
number  of  species  using  the  areas  was  similar.  A comparison  of  numbers 
of  birds  in  early  secondary  succession,  young  bars,  and  old  fields  in- 
dicated that  these  types  offer  comparable  forms  of  food  and  shelter. 

103.  Sand  and  mud  flats  attracted  mostly  waterfowl,  shorebirds, 
and  waders.  Water  attracted  various  species  of  swimming,  diving,  and 
wading  birds  in  addition  to  several  land  species  that  hunt  over  the 
water.  Fewer  number  of  species  found  in  cultivated  fields  reflected 
the  lack  of  vegetative  cover  and  seasonal  use.  Species  occupying  de- 
veloped land  were  those  which  are  tolerant  of  man. 

3U 


104.  Based  upon  previous  sightings,  a total  of  86  species  of 

21  26 

reptiles  and  amphibians  were  expected  to  occur  in  the  project  area. 
Amphibians  are  especially  dependent  on  a source  of  water  and  are  ex- 
pected in  high  numbers  in  areas  bordering  water. 

105.  Exemplary  species  of  many  of  the  major  insect  orders  in- 
habit the  general  region  of  the  unprotected  floodplain.  Predominant 
groups  present  in  the  study  area  were  numerous  species  of  beetles 
(Coleoptera) ; butterflies  and  moths  (Lepidoptera) ; terrestrial  flies  and 
mosquitoes  (Diptera);  grasshoppers,  crickets,  etc.  (Orthoptera) ; ter- 
restrial bugs  (Hemiptera);  and  ants,  bees,  and  wasps  (Hymenoptea) . 

Also  present  were  noninsect  groups  of  spiders,  ticks,  and  mites  (class 
Arachnida) . 

106.  Overall,  1 6 species  of  mammals,  2k  species  of  birds,  and 
19  species  of  reptiles  and  amphibians  that  occur  in  the  unprotected 
floodplain  are  listed  as  rare,  endangered,  or  status  unknown  in  Missouri 
Illinois,  or  both.  Included  were  ^ species  of  national  concern  (rare 
and  endangered  or  status  unknown).  The  status  of  each  species  was 
based  on  lists  given  in  References  27  and  28. 


PART  IV:  AQUATIC  FLORA  AND  FAUNA 


107.  A study  of  three  side  channels  and  adjacent  river  border 

29 

areas  made  by  Ragland  of  the  MDC  and  a study  by  WES  within  the  same 

reach  of  the  river  but  including  23  side  channels  and  four  river  border 
30 

areas  are  summarized  in  this  section.  These  studies  were  made  to 
evaluate  the  importance  of  side  channels  and  river  border  areas  in  the 
Middle  Mississippi  River  as  spawning,  nursery,  and  feeding  habitat  for 
fish  and  to  document  the  diversity  of  aquatic  organisms. 

Sampling  Programs 
29 

lOo.  Ragland  reported  on  a five-season  study  conducted  by  the 
MDC  during  1972-1973  on  the  Osborne,  Fort  Chartres,  and  Liberty  side 
channels  and  on  their  adjacent  river  border  areas.  Phytoplankton, 
zooplankton,  benthic  macroinvertebrates,  and  fish  were  collected  and 
statistically  analyzed. 

109.  A study  team  from  WES  made  collections  during  three  sam- 
pling periods  (June-July  1972,  August-September  1972,  and  July  1973)  for 
aquatic  biota  from  23  side  channels.  Samples  included  benthic  macro- 
invertebrates, phytoplankton,  and  zooplankton  collected  during  the  first 
two  sampling  periods  plus  fish  collected  during  the  latter  two  sampling 
periods.  During  the  third  sampling  period,  phytoplankton,  zooplankton, 
and  benthic  macroinvertebrates  were  sampled  at  only  13  of  the  side 
channels . Results  from  fish  seining  were  reported  for  four  river  border 
areas  during  the  latter  two  sampling  periods,  and  benthic  macroinverte- 
brates, phytoplankton,  and  zooplankton  were  collected  from  the  same  four 
river  border  areas  during  the  third  sampling  period. 

110.  Two  main  aquatic  habitat  types  of  the  Middle  Mississippi 
River,  river  border  areas,  and  side  channels  were  investigated  and 
found  to  contain  various  assemblages  of  flora  and  fauna.  River  border 
areas  are  those  areas  between  the  9-ft  navigational  channel  and  the 
main  riverbank.  "Side  channel"  is  an  all-inclusive  term  for  those 
departures  from  the  main  river  channel  in  which  there  is  water  flow 
during  normal  river  stages. 
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Results  of  Inventories 
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111.  Both  river  Border  areas  and  side  channels  are  subject  to 
fluctuating  water  levels,  and  turbidity  levels  are  characteristically 
high.  High  turbidity,  shifting  substrate,  and  fluctuating  water  levels 
prevent  the  growth  of  rooted  aquatic  macrophytes  within  the  river  proper 
and  most  areas  within  the  side  channels.  As  a result,  phytoplankton 


assemblages  probably  account  for  most  of  the  primary  production  that  oc- 
29 
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curs.  Ragland  y observed  that  secchi  disc  transparency  was  almost  50 
percent  higher  in  the  Osborne,  Fort  Chartres,  and  Liberty  side  channels 
than  in  adjacent  river  border  areas.  Since  primary  production  is  a 
function  of  available  light  energy,  greater  numbers  of  phytoplankton 
were  expected  in  the  side  channels.  However,  no  significant  differences 


in  phytoplankton  numbers  were  detected  in  the  study  by  Ragland.  The 


study  by  WES  for  different  side  channels  and  river  border  areas  showed 


phytoplankton  populations  to  be  at  least  twice  as  large  in  two  side 
channels  and  only  50  percent  as  large  in  one  side  channel  than  in  adja- 
cent river  border  areas  during  the  summer  of  1973.  Little  difference 
was  observed  in  phytoplankton  populations  in  a comparison  between 
another  side  channel  and  its  adjacent  river  border  area. 

112.  The  WES  study  showed  the  Chrysophyta  to  be  the  dominant 
phytoplankton  group  in  most  of  the  23  side  channels  and  four  river  bor- 
der areas  during  the  study  period  1972-1973  (Figures  2-5).  This  trend 

B1 

has  been  observed  for  other  large  turbid  rivers.-'  Lowest  numbers  were 


observed  for  Cryptophyta  during  the  WES  study.  In  contrast,  Ragland*1 


found  Chlorophyta  to  be  the  most  dominant  among  all  other  phytoplankton 


groups  and  Cyanophyta  were  found  in  minimal  numbers. 


Zooplankton 


113.  Ragland  found  that  zooplankton  occurred  in  greater  numbers 
in  three  side  channels  than  in  adjacent  main  channel  borders.  Rotifers 
were  found  to  be  dominant  in  side  channels , and  copepods  were  dominant 


in  river  border  areas.  Among  four  of  the  side  channels  and  adjacent 


river  border  areas  studied  by  WES  during  the  summer  of  1973, 
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Figure  2.  Phytoplankton  collected  during  sampling  period  I (19  June' 
1 July  1972),  in  side  channel  areas 
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Figure  3.  Phytoplankton  collected  during  sampling  period  II  (21  August 
11  September  1972),  in  side  channel  areas 
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Copepoda  was  dominant  in  two  of  the  side  channels;  Cladocera  dominated 
in  one  of  the  side  channels;  and  Protozoa  was  most  abundant  in  one  other 
side  channel.  Among  river  border  areas.  Protozoa  was  the  dominant 
zooplankter.  However,  when  all  side  channels  were  considered  during 
the  study  period  (1972-1973),  rotifers  were  found  to  be  the  dominant 
zooplankton  group  (Figures  6-9).  This  is  in  agreement  with  Hynes,  who 

noted  that  the  typical  zooplankton  of  large  rivers  is  nearly  always 
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dominated  by  rotifers.  Copepoda  and  Protozoa,  next  m abundance, 
were  about  equally  represented  in  total  numbers  among  all  23  side 
channels. 

llh.  It  is  generally  recognized  that  lentic  environments  provide 
conditions  more  suitable  for  plankton  reproduction  and  growth  than  lotic 
environments.  Plankton  that  originate  in  the  pools  above  St.  Louis  very 
likely  are  swept  downriver  into  the  upper  portion  of  the  Middle  Missis- 
sippi River.  In  this  reach  of  the  river,  the  side  channels  most  nearly 
approximate  lentic  conditions  found  in  the  pools  above  St.  Louis.  These 
areas  probably  contribute  significantly  to  the  plankton  populations 
occurring  in  the  river  proper. 

Benthos 

29 

115-  Ragland  found  oligochaetes  to  compose  only  3 percent  of 
the  total  benthos  in  the  river  border  areas  and  side  channels.  Aquatic 
insects  contributed  over  95  percent  of  the  total  benthos.  In  contrast, 
the  WES  study^  showed  that  oligochaetes  comprised  a much  larger  percent 
of  the  total  benthos  (Figures  10-12).  While  Ragland  also  indicated 
that  total  benthos  were  more  abundant  in  the  main  channel  border  than  in 
the  side  channels,  WES  found  the  opposite  to  be  true  (Figures  10  and 
11 ).  The  WES  study  also  showed  that  of  a total  of  60  taxa  collected, 
only  eight  were  found  solely  in  the  river  border  areas;  29  were  round 
only  in  the  side  channels;  and  23  were  common  to  both  river  border 
areas  and  side  channels.  The  differences  observed  in  the  two  studies 
were  due  to  the  fact  that  different  side  channels  were  compared  and 
that  different  sampling  methods  were  used.  Artificial  substrate  sam- 
plers used  by  Ragland  were  left  in  the  water  for  6-7  weeks  in  both 
habitats  to  allow  drift  organisms  to  colonize  the  substrate  contained 
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Figure  6.  Zooplankton  collected  during  sampling  period  I ( 19  June' 
1 July  1972),  in  side  channel  areas 
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Figure  7.  Zooplankton  collected  during  sampling  period  II  (21  August 
11  September  1972),  in  side  channel  areas 
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Figure  8.  Zooplankton  collected  during  sampling  period  III  (10-28 
July  1973),  in  side  channel  areas 
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Figure  9-  Zooplankton  collected  during  sampling  period  III 
(10-28  July  1973),  in  river  border  areas 
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Figure  10.  Benthic  invertebrates  collected  during  sampling  period  II 
(21  August-11  September  1972),  in  side  channel  areas 
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Figure  11.  Benthic  invertebrates  collected  during  sampling  period  III 
(10-28  July  1973),  in  side  channel  areas 
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Figure  12.  Benthic  invertebrates  collected  during  sampling  period  III 
(10-28  July  1973),  in  river  border  areas 


in  the  sampler.  The  successful  colonizers  of  such  samplers  generally 
are  anatomically  adapted  for  clinging.  The  collection  of  certain 
pollution-tolerant  or  pollution-sensitive  species  on  artificial  samplers 
helps  indicate  the  overall  water  quality  at  the  sampling  site;  however, 
the  true  benthic  fauna  at  the  site  may  not  be  adequately  measured. 

116.  WES  used  a Petersen  dredge  for  sampling  in  side  channels 
and  main  channel  borders.  This  type  of  sampler  is  also  effective  in 
the  Mississippi  River;  it  does  not  depend  on  benthic  colonization  but 
rather  directly  samples  the  organisms  already  established  in  the  bot- 
tom sediments. 


117.  WES,  in  an  attempt  to  evaluate  the  importance  of  side  chau 
nels  as  fish  nursery  areas,  made  fish  collections  from  side  channels 
and  river  border  areas  during  the  study  period.  A 25-  by  l+-ft  seine 
with  3/l6-in.  mesh  was  used  for  collecting.  A total  of  52  species 
were  netted  during  the  study;  all  of  the  species  occurred  in  the  side 
channel,  but  only  29  species  occurred  in  the  river  border  area.  This 
is  probably  the  result  of  the  inefficiency  of  the  seining  method  in 
the  river  border  areas.  Ragland,  using  a variety  of  sampling  gear. 


collected  a total  of  54  species;  of  this  total,  8 fish  species  found 
in  the  side  channels  were  not  found  in  river  border  areas  and  vice 


versa. 

118.  The  WES  study  indicated,  on  the  basis  of  increased  numbers 
of  young-of-year  fish  between  sampling  periods  II  and  III,  that  fish 
spawning  was  more  successful  during  period  III  (Figures  13  and  l4). 
High-water  conditions  during  the  spring  of  1973  possibly  increased  the 
amount  of  habitat  suitable  for  spawning. 

119.  The  frequency  of  occurrence  of  sport,  forage,  commercial, 
and  predator  fish  species  in  23  side  channels  and  4 river  border  areas 
was  analyzed.  Thirteen  species  of  sport  fish  were  collected  from  side 
channels  during  sampling  period  II  (Figure  15).  Among  all  side  channels 
bluegill,  black  crappie,  and  white  bass  occurred  in  22,  14,  and  9 side 
channels,  respectively.  During  the  second  sampling  period,  16  species 
of  sport  fish  were  collected  from  side  channels.  White  bass  occurred 

in  21  side  channels;  white  and  black  crappie  occurred  in  19  and  1 6 side 
channels,  respectively;  and  channel  catfish  occurred  in  18  side  channels 

120.  Twenty-two  species  of  forage  fish  were  collected  from  side 


ADULT/JUVENILE 


YOUNG -OF  -YEAR 


SIDE  CHANNEL 


Figure  13.  Adult /juvenile  and  young-of-year  fish  collected  during  sam- 
pling period  II  (21  August-11  September  1972),  in  side  channel  areas 


NUMBER  or  SIDE  CHANNELS  IN  WHICH  SPECIES  OCCURRED 


SIDE  CHANNEL 


Figure  lU.  Adult /juvenile  and  young-of-year  fish  collected  during  sarri' 
pling  period  III  (10-28  July  1973),  in  side  channel  areas 
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Figure  15.  Frequency  of  occurrence  of  sport  fish  among  side  channels 
during  sampling  periods  II  (21  August-11  September  1972)  and  III 

(10-28  July  1973) 


Figure  1 6.  Frequency  of  occurrence  of  forage  fish  among  side  channels 
during  sampling  periods  II  (21  August-11  September  1972)  and  III  ( 10— 

28  July  1973) 

channels  during  both  sampling  periods  (Figure  l6).  Gizzard  shad  and 
emerald  shiners  occurred  in  all  23  side  channels,  and  bullhead  minnows 
occurred  in  22  of  the  side  channels  during  period  II.  During  sampling 
period  III,  gizzard  shad  and  silver  chubs  were  collected  in  all  side 
channels.  Goldeye  occurred  in  20  side  channels;  bullhead  minnows  oc- 
curred in  l8 ; and  red  shiners  occurred  in  17  side  channels.  As  a group, 
shiners  generally  occurred  in  fewer  side  channels  during  period  III. 

121.  Three  species  of  gar  were  the  only  predator  fish  collected 
from  side  channels  during  both  sampling  periods  (Figure  17a). 

122.  Only  five  species  of  commercial  fish  occurred  in  side  chan- 
nels during  the  combined  sampling  periods  (Figure  17b).  Freshwater 
drum  and  smallmouth  buffalo  occurred  in  more  side  channels  than  did 
bigmouth  buffalo,  carp,  and  river  carpsucker,  which  were  collected  in 
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Figure  17.  Frequency  of  occurrence  for  predator  fish  and  commercial 
fish  among  side  channels  during  sampling  periods  II  (21  August- 
11  September  1972)  and  III  (10-28  July  1973) 
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about  the  same  number  of  side  channels.  With  one  exception,  commercial 
fish  species  occurred  in  more  side  channels  during  sampling  period  III 
than  during  sampling  period  II.  High-water  conditions  during  period  III 
possibly  made  side  channels  more  accessible  to  certain  fish  species. 

123.  In  the  four  river  border  areas  sampled  during  the  study,  no 
sport  fish  were  collected  during  period  II  (Figure  l8).  Of  the  eight 
species  collected  during  sampling  period  III,  white  crappie  and  white 
bass,  respectively,  occurred  in  three  and  four  of  the  areas  sampled. 

12U.  Fewer  commercial  fish  were  collected  from  river  border  areas 
than  from  side  channels.  Freshwater  drum  and  carp,  respectively,  were 
collected  in  two  and  one  of  the  river  border  areas  during  period  III; 
smallmouth  buffalo  were  collected  in  only  one  river  border  area  during 
period  II.  The  low  number  of  commercial  fish  taxa  observed  in  these  areas 
was  probably  due  to  poorer  sampling  efficiency  in  river  border  areas. 

125.  Although  not  shown  graphically,  spotted  gar  was  the  only  pred- 
ator fish  collected  from  river  border  areas  during  period  III.  No  pred- 
ator fish  were  collected  during  period  II. 

126.  Ten  forage  fish  species  were  collected  from  the  four  river 
border  areas  during  sampling  period  III  (Figure  19).  Gizzard  shad, 
silver  chub,  goldeye,  and  river  shiner  occurred  in  two  or  more  of  the 
areas  sampled.  Only  four  species  of  forage  fish  were  collected  from 
the  corresponding  river  border  areas  during  period  II.  All  four  spe- 
cies— red  shiner,  gizzard  shad,  bullhead  minnow,  and  emerald  shiner — 
occurred  in  at  least  two  of  the  four  river  border  areas. 

127.  While  it  is  recognized  that  high  water  had  considerable  in- 
fluence on  the  numbers  and  kinds  of  fish  collected  during  period  III,  an 
attempt  was  made  to  compare  side  channels  and  river  border  areas  during 
both  sampling  periods.  Total  number  of  fish  and  numbers  of  fish  of  each 
category  from  both  areas  are  best  compared  by  sampling  period.  Based  on 
total  numbers,  more  fish  were  collected  at  side  channels  7,  10,  15,  and 
17  than  at  adjacent  river  border  areas  during  period  II  (Figures  20  and 
2l).  Also,  with  the  exception  of  location  17,  side  channels  were  repre- 
sented by  a greater  number  of  fish  categories  than  river  border  areas. 

Only  forage  fish  were  found  in  river  border  areas  7,  10,  and  15  during 
period  II. 
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Figure  20.  Mean  total  numbers  of  predator,  commercial,  sport,  and 
forage  fish  collected  from  side  channels  during  sampling  period  II 

(21  August-11  September  1972) 
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Figure  21.  Mean  total  numbers  of  forage  and  commercial  fish  col- 
lected from  river  border  areas  during  sampling  period  II  (21  August 

11  September  1972) 


128.  During  sampling  period  III,  which  was  characterized  by  high 
water,  there  were  less  differences  observed  between  side  channels  and 
the  adjacent  river  border  area  (Figures  22  and  23).  Total  numbers  of 
fish  collected  were  similar  at  each  side  channel  and  adjacent  river 
border  area,  including  location  IT-  These  similarities  are  probably 
best  explained  in  that  during  this  sampling  period,  side  channels  and 
river  border  were  less  distinguishable,  because  of  the  homogenizing 
effect  of  high  water. 

129.  Analysis  of  fish  data  collected  during  1972,  a year  char- 
acterized by  normal  flow,  indicated  that  the  desirable  sport  and  com- 
mercial young-of-year  and  adult/ juvenile  fish  occurred  in  side  channels. 
The  increase  in  total  number  of  fish  during  1973  may  indicate  the  im- 
portance of  occasional  flooding,  which  increases  the  amount  of  area  in- 
undated by  shallow  water  and  thereby  provides  more  area  for  the  suc- 
cessful reproduction  of  fish. 

130.  Fish  collections  made  by  Ragland  using  a variety  of  sampling 
gear  also  indicate  the  importance  of  side  channels  for  both  young-of- 
year  and  adult /juvenile  fish.  Minnows  and  small  fish  were  nearly  six 
times  more  abundant  in  seine  collections  from  the  side  channels  than  in 
main  channel  borders.  For  the  more  abundant  fish  species,  electrofishing 
and  netting  captured  significantly  more  carp,  bluegill,  shortnose  gar, 
black  crappie,  bigmouth  buffalo,  white  crappie,  and  bowfin  in  the  side 
channels  than  in  adjacent  main  channel  borders.  Largemouth  bass  were 
found  only  in  the  side  channels.  Significantly  greater  numbers  of 
freshwater  drum,  sauger,  and  flathead  catfish  were  observed  in  main 
channel  borders . 

131.  Both  studies  showed  in  varying  degrees  that  side  channels 
were  different  ecosystems  from  the  main  channel.  The  side  channels 
were  shown  to  contain  numerous  fish  and  food  chain  components  that  were 
not  found  in  the  river  border  area  (Table  l). 

132.  The  WES  study  evaluated  more  side  channels  than  river  border 
areas;  however,  the  river  border  areas  sampled  were  considered  repre- 
sentative of  that  reach  of  the  river.  Ragland's  study  showed  more  equal 
representation  of  numbers  of  taxa  for  both  side  channels  and  river 
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Figure  22.  Mean  total  numbers  of  sport,  predator,  forage,  and  com- 
mercial fish  collected  from  river  border  areas  during  sampling  pe- 
riod III  (10-28  July  1973) 
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Figure  23.  Mean  total  numbers  of  predator,  commercial,  sport,  and 
forage  fish  collected  from  side  channel  areas  during  sampling  period 

III  (10-28  July  1973) 


border  areas;  however,  50  taxa  of  aquatic  organisms  overall  were  found 
in  the  side  channels  that  were  not  found  in  the  river  border  areas.  The 
additional  diversity  observed  among  side  channels  indicates  the  value 
of  these  side  channels  as  aquatic  habitats. 

133.  No  rare  or  endangered  aquatic  organisms  were  collected  in 
the  study  area. 

13*+.  Note  to  reader:  Data  from  Parts  II  through  IV  were  used  in 

preparation  of  the  remainder  of  this  report;  information  from  Parts  II 
through  IV  is  repeated  as  necessary  in  the  later  parts  so  that  the  later 
parts  can  be  used  by  SLD  in  preparation  of  an  Environmental  Impact 
Statement . 


. 


PART  V:  STATISTICAL  ANALYSES 

135.  The  WES  study  included  collection  of  morjjhometric , physical, 
chemical,  and  biological  data  from  23  side  channels  in  the  Middle  Mis- 
sissippi River  during  1972-19"3.  Similar  information,  except  for  morph- 
ometric data,  was  also  collected  from  adjacent  river  border  areas.  All 
data  were  transferred  to  magnetic  tape  for  manipulation  purposes  and 

for  subsequent  statistical  analyses.  Analyses  of  variance  (AOV)  and 
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t-tests  were  performed  to  test  for  differences  among  stations  and 
side  channels  during  each  sampling  period  and  to  test  for  differences 
between  side  channels  and  river  border  areas  for  selected  variables . 
Additionally,  AOV's  were  used  to  test  the  relationship  of  benthic  organ- 
isms to  substrate  classification  and  depth  among  side  channels  for  sam- 
pling periods  II  and  III.  Correlation  and  multiple  regression  analyses 
were  also  performed.  A Fortran  IV  computer  program  was  written  to  gen- 
erate two-way  tables  with  marginal  means  of  location  (side  channel  and 
river  border  areas)  by  station  observations  for  each  sampling  period. 

The  marginal  means  by  location  and  sampling  period  for  each  variable 
are  given  in  Appendix  A. 

Analyses  of  Variance  (AOV) 

136.  Five  different  AOV's  were  computed  using  the  data  from  side 
channels.  The  first  three  AOV's  were  calculated  for  each  variable  with- 
in each  of  the  three  sampling  periods.  All  observed  values  for  biolog- 
ical variables  tested  in  these  AOV's  were  analyzed  similarly  using  the 
applicable  log  or  square  root  transformation  of  the  observed  data. 

Since  in  almost  every  instance  the  results  of  the  AOV’s  using  trans- 
formed values  were  identical  with  the  analyses  using  untransformed  val- 
ues, only  the  untransformed  data  and  analyses  are  presented  and  dis- 
cussed. The  fourth  and  fifth  AOV's,  which  deal  with  the  relationship 

of  benthic  organisms  to  substrate  classification  and  depth,  respectively, 
were  calculated  using  the  data  combined  from  all  three  sampling  periods. 
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137*  First,  each  variable  was  analyzed  to  detect  differences 
among  side  channels.  Station  observations  within  side  channels  were 
averaged  to  produce  the  marginal  side  channel  means  for  the  data  col- 
lected. A one-way  AOV  was  calculated  with  the  three  station  observa- 
tions within  each  side  channel  being  considered  as  replications  for  the 
side  channel. 

138.  The  results  of  the  F-tests  for  each  of  the  AOV's  calculated 
are  presented  in  Table  2.  A significant  F-test  indicates  only  that 
there  were  differences  among  side  channel  means.  In  order  to  locate 
where  differences  occurred,  an  approximate  least  significant  difference 
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(LSD)  was  calculated,  and  any  two  means  that  were  found  to  differ  by 
more  than  the  calculated  LSD  were  then  considered  significantly  dif- 
ferent (P  < 0.05).  The  LSD  is  referred  to  as  approximate  since  the 
average  number  of  side  channel  replications  was  used  in  its  calcula- 
tions. It  is  important  to  realize  that  the  LSD  is  to  be  applied  only 
when  the  F-value  obtained  in  the  AOV  is  significant. 

139.  For  the  majority  of  the  variables  analyzed,  the  F-tests  in 

the  AOV's  for  side  channel  differences  (Table  2)  were  significant  in 
all  three  sampling  periods,  which  indicates  substantial  variation  among 
side  channels  as  a whole.  During  sampling  period  I,  96  percent  of  the 

variables  tested  were  significant.  Of  the  variables  tested  during  sam- 
pling periods  II  and  III,  6l  percent  and  58  percent,  respectively,  were 

significant.  It  might  be  expected  that  the  fewer  significant  dif- 

ferences among  side  channels  for  sampling  periods  II  and  III  might  be 
due  to  more  data  variability  as  a result  of  high  water  or  other  envi- 
ronmental conditions.  However,  for  each  variable  that  was  observed  and 
analyzed  during  all  three  sampling  periods,  the  coefficient  of  varia- 
tion within  each  sampling  period  either  decreased  or  remained  fairly 
constant  over  time.  This  indicates  that  side  channels  became  more 
similar  for  the  variables  tested.  In  fact,  it  is  possible  that  high- 
water  conditions,  especially  during  sampling  period  III,  had  a homogen- 
izing effect  on  many  side  channels,  thus  explaining  the  reduced  number 
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of  significant  differences  among  side  channels. 

1^0.  Among  the  variables  tested  during  sampling  period  II,  more 
differences  among  side  channels  occurred  for  physicochemical  character- 
istics and  benthic  organisms  than  for  other  classes  of  characteristics. 
During  sampling  period  III,  more  differences  among  side  channels  were 
again  observed  for  physicochemical  variables;  differences  related  to 
benthic  organisms  and  other  biological  variables  were  fewer  than  in 
period  II. 


Differences  among 
stations  (one-way  AOV ) 

lUl.  A one-way  AOV  was  calculated  to  detect  differences  in  the 
overall  or  marginal  means  for  comparative  stations.  In  all  side  chan- 
nels, sta  1 was  located  near  the  primary  exit,  sta  3 was  located  near  the 
primary  entrance,  and  sta  2 was  located  midway  between  sta  1 and  3. 

Since  station  locations  were  geographically  similar  in  all  side  channels, 
it  was  of  interest  to  determine  if  any  differences  could  be  detected  in 
the  overall  station  means.  Hence,  a one-way  AOV  was  computed  where  the 
observations  over  side  channels  were  considered  as  replication  for  the 
station.  Since  so  few  significant  variables  indicative  of  station  mean 
differences  were  detected  by  the  F-test  in  these  analyses,  the  results 
are  not  presented  in  tabular  form. 

lU2.  The  overall  station  mean  did  not  differ  for  one  of  the  fol- 
lowing two  reasons:  either  there  were  no  actual  differences  for  the 

variables  studied  or  there  were  no  consistent  differences  among  stations 
from  one  side  channel  to  the  next.  The  latter  reason  appears  to  be 
the  more  meaningful  one,  since  the  observed  differences  among  station 
means  were  very  large.  The  ranges  of  observed  values  for  station  means 
within  side  channels  are  not  presented  in  this  report  but  are  available 
in  Tables  6-32  of  Reference  30. 

1U3.  The  only  variables  for  which  significant  station  differences 
were  detected  by  the  F-test  in  the  one-way  AOV  were  pH  and  water  temper- 
ature during  sampling  period  I.  Apparently,  consistent  differences 
among  stations  within  side  channels  occurred  for  these  physicochemical 
variables . 
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Differences  within  each 
sampling  period  (two-way  AOV ) 

144.  A third  AOV  was  calculated  for  each  variable  within  each 
sampling  period.  This  analysis  was  a two-way  AOV  in  which  both  side 
channel  mean  differences  and  station  mean  differences  were  estimated 
and  tested  simultaneously.  One  can  think  of  this  analysis  as  a test  for 
(a)  differences  among  side  channel  means  after  the  mean  differences  for 
stations  have  been  accounted  for  and  (b)  differences  among  station  means 
after  the  differences  for  side  channel  means  have  been  accounted  for. 

145.  The  two-way  AOV  is  a more  sensitive  analysis  than  the  one-way 
AOV  except  when  the  degrees  of  freedom  for  error  become  extremely  small. 
The  sensitivity  of  the  two-way  AOV  is  demonstrated  by  the  fact  that  in 
the  one-way  AOV,  calculated  to  detect  differences  in  the  overall  means 
for  stations,  only  two  variables  (water  temperature  and  pH)  were  sig- 
nificant. However,  after  accounting  for  the  differences  among  side 
channel  means  by  use  of  the  two-way  AOV,  significant  differences  among 
station  means  for  eight  variables  were  detected  (Table  2). 

146.  In  summary,  of  the  AOV's  calculated  to  detect  differences 
among  side  channel  means  shown  in  Table  2,  seldom  is  the  one-way  AOV 
significant  when  the  two-way  AOV  is  not.  The  results  of  the  two-way  AOV 
for  differences  among  side  channel  means  after  accounting  for  station 
differences  are  essentially  the  same  as  the  results  of  the  one-way  AOV 
discussed  earlier. 

Relationship  of  benthic  ox-gan- 
isms  to  substrate  type  and  depth 

147.  In  order  to  determine  the  nature  and  strength  of  the  rela- 
tionship among  benthic  organisms,  substrate  type,  and  depth,  it  was 
necessary  to  limit  substrate  types  to  three  primary  classifications  and 
eight  secondary  classifications  (Table  3).  Percent  composition  by  sub- 
strate type  of  substrate  samples  was  based  on  the  Unified  Soil  Classifi- 
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cation  System. 

148.  Substrate  type.  To  detect  differences  in  the  mean  number  of 
organisms  for  primary  substrate  classifications,  a one-way  AOV  was  cal- 
culated. The  mean  number  of  organisms  observed  associated  with  clay  and 
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silt  did  not  differ  significantly  (P  < 0.05)  from  each  other;  however, 
both  differed  from  the  mean  number  of  organisms  associated  with  sand. 

lU9.  A second  one-way  AOV  was  calculated  to  determine  if  dif- 
ferences between  secondary  classification  means  existed  within  primary 
classifications.  It  was  determined  by  this  analysis  that  the  secondary 
classification  of  substrates  did  account  for  additional  variation  in  the 
number  of  benthic  organisms. 

150.  It  was  found  by  employing  the  LSD  that  within  the  primary 
class  sand,  mean  numbers  of  organisms  associated  with  the  three  second- 
ary classes  (sandy,  silty  sand,  and  clayey  sand)  did  not  differ  from  one 
another.  Within  the  primary  class  clay,  significant  differences  between 
the  mean  number  of  organisms  associated  with  the  four  secondary  classes 
(clayey;  silty  clay;  sandy  clay;  and  sandy,  silty  clay)  were  observed. 
The  main  difference  was  that  more  organisms  were  found  to  be  associated 
with  the  clayey  substrate  than  with  the  remaining  three  secondary 
classes.  No  differences  in  the  mean  numbers  of  organisms  for  the  three 
remaining  secondary  classes  were  detected. 

151.  The  differences  among  the  means  for  the  secondary  classes 
within  the  primary  class  silt  were  somewhat  erratic  due  to  the  small 
number  of  observations.  The  significant  differences  detected  were  that 
the  mean  number  of  organisms  associated  with  sandy  silt  differed  from 
that  of  sandy,  clayey  silt;  however,  it  did  not  differ  from  the  mean 
associated  with  clayey  silt  or  silt  alone.  The  mean  number  of  organisms 
associated  with  sandy,  clayey  silt  differed  from  the  mean  associated 
with  silt;  however,  the  mean  for  sandy,  clayey  silt  did  not  differ  from 
the  mean  for  clayey  silt. 

152.  Depth.  It  was  also  of  interest  to  determine  if  depth  might 
account  for  any  additional  variation  in  the  number  of  benthic  organisms 
observed  over  and  above  what  was  accounted  for  by  the  different  sub- 
strate classifications.  By  analysis  of  covariance,  no  significant 
relationship  was  detected  between  depth  and  the  number  of  organisms 
after  the  substrate  effect  had  been  included  in  the  model. 


Student's  t-Tests 


153.  To  accommodate  the  different  kinds  of  information  gathered 
from  side  channels  and  river  border  areas  during  sampling  periods  II  and 
III,  two  different  types  of  analyses  were  made  to  test  for  differences 
among  side  channel  and  adjacent  river  border  area  means.  The  square 
root  or  log  transformation  of  the  observed  data  was  made  where  applic- 
able and  the  statistical  analysis  computed  a second  time.  However,  as 
was  true  in  the  case  of  the  AOV's,  the  results  were  essentially  the  same 
for  both  analyses  (transformed  and  untransformed);  therefore,  the  fol- 
lowing discussion  of  data  and  analyses  are  for  only  the  untransformed 
variables . 

Sampling  period  II 

15^.  During  sampling  period  II,  fish  alone  were  collected  from 
one  station  at  each  of  19  river  border  areas  adjacent  to  the  side  chan- 
nels. Collections  of  fish  from  the  19  adjacent  side  channels  were  made 
at  3 stations  in  each  side  channel.  Four  separate  paired  t-tests  were 
calculated  to  detect  differences  among  overall  means  for  side  channels 
and  adjacent  river  border  areas  during  sampling  period  II.  The  first 
analysis  compared  the  mean  of  the  three  stations  within  each  side  chan- 
nel and  the  single  observation  for  the  adjacent  river  border  area.  The 
second,  third,  and  fourth  paired  t-test  analyses  compared  the  observa- 
tion from  each  side  channel  sta  1,  2,  and  3 with  the  single  observation 
from  the  adjacent  river  border  areas.  Overall  or  marginal  mean  dif- 
ferences and  significance  for  all  four  analyses  are  presented  in  Table  It 

155.  Overall  side  channel  versus  adjacent  river  border  area.  The 
comparison  of  the  overall  side  channel  (the  side  channel  observation 
was  the  average  for  the  three  stations  within  a side  channel)  and  adja- 
cent river  border  area  means  revealed  that  greater  numbers  and/or  values 
of  total  fish,  total  young-of-year  fish,  young-of-year  fish  categorized 
as  forage  and  sport,  number  of  fish  taxa,  species  diversity  d , and 
evenness  index  e occurred  in  side  channels  than  in  river  border  areas 
during  sampling  period  II.  Other  significant  differences  where  side 
channel  means  were  greater  than  river  border  area  means  were  noted,  i.e. 


I 


young-of-year  fish  categorized  as  commercial  and  adult/ juvenile  fish 
classified  as  commercial  and  sport.  However,  the  number  of  observations 
for  these  latter  groups  was  small. 

156.  Station  versus  adjacent  river  border  area.  Since  fish  were 
collected  at  3 stations  within  19  side  channels  during  sampling  period 

II,  it  was  of  interest  to  determine  if  the  relationships  between  the 
river  border  area  and  each  of  the  three  different  stations  within  the 
corresponding  side  channel  were  the  same.  The  results  of  the  analyses 
for  each  variable  using  each  individual  station  observation  and  the  river 
border  area  observation  for  each  side  channel  were  comparable  to  the 
results  of  the  paired  t-test  using  the  station  averages  as  the  observa- 
tion for  each  side  channel.  That  is,  significant  differences  between 
side  channel  station  and  river  border  area  means  were,  in  every  case, 
reflected  in  the  results  of  the  latter  test.  No  additional  differences 
were  detected  by  using  the  individual  side  channel  station  observation 
and  river  border  area  observation  for  variables  where  significant  dif- 
ferences were  not  detected  by  a t-test  using  the  station  averages  for  a 
side  channel  as  the  observation. 

157.  For  the  variables  studied,  no  one  particular  side  channel 
station  differed  from  the  river  border  area  more  often  than  any  other 
side  channel  station.  However,  overall  mean  differences  for  side  chan- 
nel sta  2 were  greater  considering  total  fish,  total  young-of-year,  and 
young-of-year  fish  categorized  as  forage  and  sport.  Conversely,  overall 
mean  differences  for  species  diversity  d and  evenness  index  e for 
side  channel  sta  2 were  less  when  compared  with  those  corresponding  over- 
all mean  differences  for  side  channel  sta  1 and  3. 

Sampling  period  III 

158.  During  sampling  period  III,  physicochemical  measurements, 
benthic  organisms,  phytoplankton,  zooplankton,  and  fish  collections  were 
taken  from  four  side  channels  and  adjacent  river  border  areas  with  three 
stations  at  each  location.  Since  the  multiple  observations  at  a partic- 
ular river  border  area  can  be  considered  as  replications,  the  paired 
t-test  was  not  calculated  for  the  observed  values  during  sampling  period 

III.  An  error  term  was  calculated  using  the  replications  from  the  river 
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border  areas  within  a location,  and  a simple  t-test  was  then  performed 


to  detect  differences  between  the  overall  means  of  side  channel  and 


river  border  area  locations.  The  overall  mean  differences  and  signif- 
icance are  presented  in  Table  5* 


159*  Physicochemical  variables.  Significant  differences  for  all 
surface  and  bottom  physicochemical  variables  except  water  temperature 


were  observed  among  the  four  side  channel  and  adjacent  river  border  area 


means  during  sampling  period  III.  Mean  surface  dissolved  oxygen  con- 
centrations and  mean  surface  and  bottom  pH  and  alkalinity  values  were 
significantly  greater  for  side  channels.  However,  mean  surface  and  bot- 


tom turbidity  values  were  greater  for  river  border  areas.  Mean  bottom 


dissolved  oxygen  concentrations  were  significantly  higher  for  river 


border  areas  than  for  side  channels.  Chemical  stratification  of  the 


water  column,  which  was  developed  in  the  more  lenticlike  side  channels 


and  absent  in  the  river  border  areas,  accounted  for  lower  bottom  con- 
centrations of  dissolved  oxygen  observed  among  side  channels. 

160.  Benthic  organisms.  Among  the  variables  grouped  under  benthic 
organisms,  mean  total  numbers,  mean  numbers  of  oligochaetes , and  mean 
numbers  of  pelecypods  were  significantly  greater  for  side  channels  than 
for  river  border  areas.  It  is  interesting  to  note  that,  among  the  vari- 
ables related  to  benthic  organisms,  while  only  a few  significant  dif- 
ferences were  observed  between  the  two  habitats,  side  channel  means  were 
greater  than  river  border  area  means. 

161.  Phytoplankton.  No  significant  differences  were  discerned 
between  side  channel  and  river  border  area  means  for  any  variables 
associated  with  phytoplankton.  Nonetheless,  mean  values  for  species 
diversity  d , evenness  index  e , and  numbers  of  Chlorophyta  and  Chry- 
sophyta  were  greater  among  river  border  areas.  Mean  values  for  numbers 
of  Euglenophyta  and  Cyanophyta  and  total  numbers  per  liter  were  greater 
among  side  cnu.nnels. 

162.  Zooplankton.  For  those  variables  associated  with  zoopla’ik- 
ton,  only  the  mean  value  for  species  diversity  cT  and  the  mean  number 


of  adult  rotifers  were  found  to  be  significantly  greater  among  side 


channels.  No  other  significant  differences  between  the  two  habitats 


were  observed  for  zooplankton. 
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163.  Fish.  Of  the  fish  collected  during  sampling  period  III,  no 
significant  differences  between  side  channel  and  river  border  area  means 
were  detected  in  the  statistical  analyses.  However,  except  for  total 
adult /juveniles  and  sport  fish  grouped  in  the  young-of-year  and  adult/ 
juvenile  age  classes,  the  means  for  all  other  variables  were  higher  for 
the  side  channels  than  for  the  river  border  areas. 

Comparison  of  sam- 
pling periods  II  and  III 

1 6b.  The  reach  of  the  Mississippi  River  in  this  study  is  charac- 
terized by  a highly  dynamic  physical  regime.  The  related  sport  and 
commercial  fishery  is  considered  to  be  relatively  unproductive  compared 
to  the  adjacent  upstream  pooled  section,  and  is  thought  to  be  affected 
by  abiotic  parameters,  primarily  highly  variable  river  discharge,  and 
associated  extreme  water  level  fluctuations. 

165.  High-water  stages  normally  occur  within  this  reach  of  the 
river  during  spring  and  early  summer.  During  sampling  periods  II  and 
III,  which  took  place  during  spring  high  water,  maximum  river  stages  re- 
corded at  St.  Louis  were  2b.  J ft  and  ^0.5  ft,  respectively,  with  30  ft, 
St.  Louis  Gage  (SLG),*  considered  as  flood  stage.  The  initial  sampling 
was  conducted  in  June  1972  just  after  a high-water  period  on  the  river 
when  water  levels  were  receding.  As  a result,  a few  side  channels  or  a 
few  sampling  stations  within  side  channels  were  noticeably  different, 
physically,  from  the  remainder  of  the  side  channels  or  sampling  stations. 
This  observed  physical  difference  was  tentatively  attributed  to  slack- 

water  conditions  within  those  few  side  channels  cr  sampling  stations. 

3h 

According  to  published  literature,  a number  of  the  more  important  com- 
mercial and  sport  fish  species  inhabiting  this  reach  of  the  river  typi- 
cally spawn  during  the  spring  to  early  summer  months,  which  parallel 
normal  high-water  conditions  on  the  river.  Physical  schematics  of  indi- 
vidual side  channel  morphology  (in  Appendix  C of  Reference  30)  indicated 
that,  for  sampling  periods  II  and  III,  the  majority  of  side  channels 


* Elevations  given  in  the  remainder  of  this  part  are  referenced  to  tl 
SLG. 
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were  characteristically  riverine  in  nature  for  much  of  the  assumed 
spawning  period. 

166.  Effect  of  maximum  controlling  elevation.  Although  velocity 

measurements  were  taken  within  all  side  channels  where  flow  was  observed 
it  was  felt  that  these  data  would  reflect  only  a point-in-time  condition 
and  would  not  reflect  conditions  prior  to  or  after  sampling  (i.e.,  dur- 
ing the  reproduction  and  early  development  periods).  It  was  thought  that 
the  maximum  elevation  controlling  or  impeding  flow  through  a side  channel 
or  sampling  station  would  be  a better  criterion  to  measure  the  relative 
ability  of  a side  channel  to  create  slack-water  conditions.  The  side 
channels  were  arbitrarily  divided  into  three  groups  based  on  the  maximum 
controlling  elevation  present  within  each  side  channel:  <15  ft,  15  to 

20  ft,  and  _>20  ft.  Data  used  in  determining  maximum  controlling  eleva- 
tions were  derived  from  the  schematics  of  individual  side  channels. 

167.  Simple  t-tests  were  performed  to  test  for  significant  differ- 
ences among  the  three  side  channel  groups  using  the  following  criteria: 
mean  total  number  of  young-of-year  fish;  mean  total  number  of  young-of- 
year  species;  mean  total  number  of  young-of-year  sport  fish;  mean  total 
number  of  young-of-year  sport  fish  species;  mean  total  number  of  young- 
of-year  forage  fish;  and  mean  total  number  of  young-of-year  forage  fish 
species.  The  results  of  the  test  are  summarized  in  Table  6. 

168.  The  analyses  indicated  that,  for  the  two  sampling  periods 
for  which  data  were  collected,  no  significant  trends  existed  between 
the  >20-ft  grouping  and  the  15-  to  20- ft  grouping,  nor  between  the  15- 
to  20-ft  grouping  and  <15-ft  grouping.  While  other  significant  differ- 
ences were  observed,  the  only  significant  trend  for  both  years  was  for 
the  parameter,  mean  total  number  of  young-of-year  sport  fish;  this  pa- 
rameter was  significantly  higher  at  the  5 percent  level  of  significance 
both  years  for  the  >20- ft  grouping  as  compared  to  the  <15- ft  grouping. 
These  trends  indicate  that  for  the  two  consecutive  years  in  which  data 
were  collected,  the  difference  observed  may  be  due  to  maximum  control- 
ling elevations  lying  somewhere  toward  the  center  of  the  15-  to  20-ft 
groupings.  There  were  no  significant  differences  between  the  >20- ft 
group  and  the  15-  to  20-ft  group,  but  there  were  differences  noted 
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between  the  >20-ft  group  and  the  <15-ft  group. 

169.  The  data  were  rearranged  into  two  maximum  controlling- 

elevation  groups  for  comparisons:  <17.5  and  >17. 5 ft.  Tests  for  sig- 

nificant differences  were  made  between  these  two  groups  for  the  same 
parameters,  and  results  are  listed  in  Table  7* 

170.  The  significant  trends  observed  between  the  >20-ft  group  and 
the  <15-ft  group  were  similarly  observed  when  reevaluated  by  comparing 
the  >17-5-ft  group  with  the  <17.5-ft  group.  This  indicated,  tentatively, 
that  any  significant  differences  in  fish  population  as  a function  of 
controlling  elevation  did  not  vary  between  the  two  sampling  periods. 

171.  Habitat  preference.  The  significance  of  the  controlling  el- 
evation of  the  side  channel  was  further  evaluated  by  grouping  the  young- 
of-year  species  by  habitat  preference.  Data  on  h^b i ‘ at  preferences  were 
obtained  from  the  S1U  literature  review  and  include  only  those  species 

3I4 

that  were  discussed  in  that  report.  The  groupings,  presented  in  Table 
8,  include  those  species  adapted  primarily  to  slack  water  or  lentic  hab- 
itats, those  species  adapted  primarily  to  flowing  water  or  lotic  habitats, 
and  ubiquitous  species  that  are  found  frequently  in  both  lotic  and  len- 
tic habitats  or  that  show  preference  for  both  during  some  stage  of  their 
life  cycle.  The  three  groups  were  tested  for  significant  differences 
as  a function  of  >17*5-  or  <17.5-ft  controlling  elevation.  Results  are 
listed  in  Table  9 and  discussed  below: 

?i.  Lentic  group.  Significant  differences  were  observed  in 
numbers  and  species  of  lentic-adapted  young-of-year 
fish  for  both  sampling  periods.  During  1972  (sampling 
period  I),  numbers  of  sport  young-of-year  fish  were 
significantly  higher  at  the  1 percent  level  of  signif- 
icance, and  mean  total  number  of  species  was  signifi- 
cantly higher  (5  percent  level  of  significance)  in  the 
>17.5-ft  side  channel  group.  During  1973  (sampling 
period  II),  mean  total  numbers  of  sport  fish  and  mean 
total  number  of  species  of  sport  fish  were  signifi- 
cantly higher  at  the  1 percent  level  of  significance  in 
the  >17.5  side  channel  group. 

b.  Lotic  group.  No  significant  differences  were  found  be- 
tween the  two  side  channel  groups  for  either  mean  total 
numbers  of  lotic  young-of-year  or  for  mean  total  number 
of  lotic  species  for  either  sampling  period. 
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£_•  Ubiquitous  group.  No  significant  differences  in  mean 
total  numbers  or  in  mean  total  number  of  species  were 
observed  between  the  side  channel  groups  for  either 
sampling  period. 

172.  Slack-water  hypothesis.  In  summary,  the  following  hypoth- 
esis was  tested:  Those  side  channels  or  those  sampling  stations  within 

side  channels  that  provide  slack-water  conditions  during  normal  spring 
high-water  periods  will  provide  a more  suitable  habitat  for  the  survival 
and  growth  of  young-of-year  fish  populations. 

173.  Mean  total  numbers  of  young-of-year  were  significantly 

greater  for  the  >17- 5-ft  group  during  sampling  period  I,  although  no 

significant  differences  were  observed  for  that  parameter  between  groups 

for  sampling  period  II.  Conversely,  the  mean  total  number  of  species 

parameter  and  the  mean  total  number  of  sport  fish  species  parameter 

were  significantly  greater  in  the  >17. 5-ft  group  for  sampling  period 

II,  while  no  significant  differences  were  noted  between  the  two  groups 

2Q 

for  sampling  period  I.  During  the  summer  months,  Ragland  observed  a 
significantly  greater  catch  per  unit  effort  of  young-of-year  fish  in 
these  side  channel  areas,  as  compared  to  the  river  border  areas,  but 
this  trend  was  reversed  during  the  early  fall  season.  This  trend  could 
be  accounted  for,  in  part,  by  the  greater  mobility  of  the  young-of-year 
fish  with  increased  age  and  their  probable  tendency  to  move  in  and  out 
of  the  side  channels  with  highly  fluctuating  water  levels  characteris- 
tic of  this  reach  of  the  river. 

17^.  The  slack-water  hypothesis  appears  to  be  valid  when  eval- 
uated for  the  young-of-year  by  habitat  preference  for  the  two  years  for 
which  data  were  obtained,  but  only  for  the  lentic-adapted  species. 
Significantly  greater  numbers  of  young-of-year  lentic-adapted  fish  were 
found  in  those  side  channels  of  >17.5  ft  for  both  years  as  compared  to 
those  side  channels  with  a controlling  elevation  of  <17-5  ft.  Signifi- 
cantly greater  numbers  of  lentic-adapted  species  were  observed  for  the 
_>17. 5-ft  side  channel  group  during  sampling  period  II.  This  can  prob- 
ably be  best  explained  as  a habitat  preference  of  the  lentic-adapted 
species  for  slack-water  conditions. 

175.  The  results  of  the  comparison  of  fish  data  between  side 
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channels  and  river  border  areas  for  both  sampling  periods  should  be 
viewed  cautiously  for  the  following  reasons.  Of  major  concern  is  the 
question  relating  to  the  relative  effectiveness  of  seining  in  side 
channels  versus  river  border  areas.  In  the  field  it  was  difficult  to 
evaluate  this  question.  Although  catch  data  from  each  habitat  type 
were  compared  on  the  basis  of  equal  sampling  effort,  it  was  felt  that 
fish  were  more  easily  caught  in  side  channels.  In  addition,  since  the 
number  of  fish  collected  and  degrees  of  freedom  for  error  were  small, 
especially  during  sampling  period  III,  statistically  the  probability 
of  a type  II  error  (accepting  the  null  hypothesis  when  the  alternative 
hypothesis  is  true)  was  rather  large.  While  results  from  the  simple 
t-tests  indicated  that  there  were  no  significant  differences  among  side 
channel  and  river  border  area  means,  one  cannot  assume  that,  in  fact, 
such  differences  might  not  exist. 


Correlations 

176.  To  help  show  the  relationship  between  morphometric,  phys- 
ical, and  chemical  variables  and  biological  variables,  the  data  from 
all  23  side  channels  were  subjected  to  correlation  analysis.  Thirty- 
two  variables  were  selected  for  correlation  analysis,  and  the  results 
are  presented  in  matrix  form  (Appendix  B).  The  results  of  the  anal- 
yses for  certain  variable  groups  that  were  thought  to  be  important  were 
selected  from  the  table  for  presentation  in  the  body  of  this  report. 

The  results  of  correlation  among  three  physical  variables,  three  chem- 
ical variables,  and  three  morphometric  variables  with  total  number  of 
benthic  organisms,  total  number  of  fish,  zooplankton  density  (numbers 
per  liter),  and  phytoplankton  density  (numbers  per  liter)  are  shown 

in  Table  10. 

177.  The  physical-  and  chemical-related  variables  of  water  temp- 
erature, dissolved  oxygen,  and  pH  were  negatively  correlated  with  benthic 
organisms.  Volume,  a morphometric  characteristic,  was  also  negatively 
correlated  with  benthic  organisms.  Total  number  of  fish  was  not  signif- 
icantly correlated  with  any  of  the  physical,  chemical,  or  morphometric 
variables  selected. 
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178.  Among  the  chemical  variables,  total  alkalinity  was  correlated 
with  zooplankton  density,  and  pH  was  negatively  correlated  with  phyto- 


plankton densities.  Surface  area  was  highly  correlated  with  zooplankton 


densities.  Discharge  was  negatively  correlated  with  both  zooplankton 
and  phytoplankton  densities.  A direct  relationship  was  found  between 


shoreline  development  and  phytoplankton  densities. 

179-  In  summary,  significant  correlations  of  morphometric,  phys- 
ical, and  chemical  variables  with  biological  variables  were  not  re- 
stricted to  or  monopolized  by  any  of  these  three  variable  groups.  Com- 


parison of  the  three  variable  groups  indicates  that  more  significant 
correlations  occurred  between  chemical  variables  and  biological  vari- 


ables than  among  morphometric  and  physical  variables  and  biological 


variables,  although  the  differences  were  small.  Benthic  organisms  were 
most  highly  correlated  with  all  variable  groups;  total  fish  did  not 
correlate  with  any  other  variables  presented. 


Regression  Analyses 


180.  Unlike  correlation,  a regression  analysis  produces  an  equa- 
tion that  describes  the  nature  and  strength  of  the  relationship  between 
variables.  The  estimated  simple  or  multiple  regression  coefficient  is 


a measure  of  how  much  increase  or  decrease  in  the  dependent  variable  may 
be  expected  from  a unit  change  in  the  independent  variable.  While  re- 
gression serves  a predictive  function,  it  also  is  useful  in  understand- 


ing mechanisms  or  cause-and-effect  relations.  Since  data  from  several 
side  channels,  each  possessing  unique  characteristics,  were  used  in  the 
analysis,  the  utility  of  predicting  standing  crops  of  the  biological 


variables  for  a particular  side  channel  was  not  the  main  intent  of  the 


regression  analysis. 


l8l.  The  statistical  computer  program  BMDOZR,  Stepwise  Regres- 


sion, was  used  to  make  the  computations.  The  stepwise  procedure  used 


was  as  follows : 


a.  The  first  independent  variable  included  in  the  equation 
was  the  one  having  the  largest  correlation  with  the  de- 
pendent variable;  i.e.,  the  independent  variable  that 
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alone  accounted  for  the  most  variation  in  the  dependent 
variable . 


b.  After  the  first  independent  variable  had  been  included 
in  the  equation,  the  remaining  independent  variables 
were  analyzed  to  determine  if  any  additional  variable 
might  account  for  a significant  amount  of  variation 
in  the  dependent  variable  (P  < 0.05)  over  and  above  the 
variation  that  had  been  accounted  for  by  the  independent 
variable  already  in  the  equation.  If  such  a variable 
existed,  it  then  was  included  in  the  equation. 


The  remaining  independent  variables  were  searched  again 
to  determine  if  a third  variable  might  be  included  in 
the  equation,  and  so  on. 


182.  Table  11  shows  the  results  of  using  multiple  regression 


analysis  to  evaluate  probable  cause-and-ef feet  relations  among  selected 


variables,  which  included  the  following: 

a.  Biological  variables  (total  number  of  benthic  organisms; 
total  number  of  fish,  forage  fish,  and  sport  fish; 
zooplankton  density;  and  phytoplankton  density). 

b.  Physical  variables  (water  temperature,  turbidity,  and 
discharge ) . 

c.  Chemical  variables  (dissolved  oxygen,  pH,  and  alkalinity). 


cl.  Morphometric  variables  (volume,  surface  area,  and  shore- 
line development ) . 


183.  The  regression  analyses  were  based  on  data  from  23  side  chan- 
nels. Table  11  is  presented  in  a manner  to  facilitate  interpretation  of 
those  classes  of  independent  variables  that  explain  a significant  per- 
centage of  the  variation  of  a particular  dependent  variable. 

l8U.  Regressions  were  computed  from  various  combinations  of  vari- 
ables but  only  those  that  explain  significant  (P  < 0.05)  proportions  of 
the  variation  of  a particular  dependent  variable  were  included  in  the 
equations.  The  regression  equations,  shown  in  Table  12,  are  presented  to 
allow  inspection  of  the  sign  and  magnitude  of  the  partial  regresssion 
coefficient,  which  indicate  the  direction  and  degree  of  change  in  the 
dependent  variable  unit  change  in  the  independent  variable. 

185.  Combined  biological  variables  from  Table  11  explain  Ul  per- 
cent of  the  variation  for  benthic  organisms;  fish  account  for  only  3 
percent  of  the  combined  biological  variations.  When  certain  biological 
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information  is  available,  various  morphometric  variables  can  be  used  to 
explain  53  percent  of  the  variation  for  benthic  organisms.  The  third 
entry  shows  that  chemical  characteristics,  such  as  pH,  will  improve  the 
ability  to  predict  the  mean  number  of  benthic  organisms.  Physical  vari- 
ables such  as  temperature,  turbidity,  and  discharge  did  not  significantly 
explain  any  of  the  variation  associated  with  numbers  of  benthic  organisms. 

186.  Regressions  computed  for  total  fish  showed  that  biological, 
chemical,  and  physical  variables  explained  about  the  same  proportions  of 
the  variation  for  total  number  of  fish.  For  forage  fish,  morphometric, 
chemical,  and  physical  variables  explained  approximately  equal  amounts 
of  the  variation.  The  total  variation  explained  in  both  cases  (total 
numbers  of  fish  and  forage  fish)  was  low,  2k  and  19  percent,  respec- 
tively. On  the  other  hand,  6k  percent  of  the  variation  associated  with 
mean  numbers  of  sport  fish  was  accounted  for  by  three  classes  of  vari- 
ables. Among  the  biological  and  morphometric  variables,  benthic  or- 
ganisms, phytoplankton  density,  and  surface  area  explained  significant 
proportions  of  the  variation  associated  with  sport  fish.  Volume  and 
turbidity  contributed  an  additional  9 percent  to  the  variation  explained. 

187.  Dissolved  oxygen  explained  15  percent  of  the  variability 
associated  with  zooplankton  density;  however,  it  accounted  for  38  per- 
cent of  the  variability  associated  with  phytoplankton  density.  Benthic 
organisms  were  significantly  correlated  with  zooplankton  and  phytoplank- 
ton densities  and  explained  5 percent  and  2k  percent,  respectively,  of 
the  variation.  Shoreline  development  explained  k percent  of  the  vari- 
ability associated  with  zooplankton  density.  Zooplankton  density  was 
significantly  correlated  with  phytoplankton  density;  however,  zooplank- 
ton density  accounted  for  only  k percent  of  the  variation  in  phyto- 
plankton density. 

188.  The  results  presented  here  do  not  provide  input  for  a clear 
interpretation  of  cause-and-effect  interrelations  among  biological, 
physical,  chemical,  and  morphometric  variables.  No  trends  were  observed 
in  the  multiplicity  of  effects  to  account  for  the  variability  associated 
with  the  various  dependent  biological  variables.  That  is  to  say,  no  one 
class  of  variables,  e.g.,  morphometric,  consistently  explained  a greater 


PART  VI:  SIDE  CHANNEL  RANKINGS 


189.  If  it  is  agreed  upon  that  side  channels  are  important  to  the 
ecology  of  the  river  and  that  not  all  of  them  would  be  maintained  or 
improved,  a decision  must  be  made  as  to  which  side  channels  are  most 
important . 

190.  Although  it  is  generally  recognized  that  most  side  channels 
are  transient  features  of  the  river,  it  may  be  possible  that  some  could 
be  maintained  or  improved  to  provide  maximum  benefit  to  the  river's 
ecology.  To  make  a rational  choice  from  among  all  side  channels  of 
those  channels  that  could  provi de  the  most  benefit  requires  baseline 
information  related  to  the  abundance  and  composition  of  aquatic  communi- 
ties that  the  side  channels  support.  The  baseline  data  established  in 
the  present  study  were  the  first  of  their  kind  for  this  area  and  hope- 
fully will  allow  comparisons  of  these  areas  with  future  investigations. 

Relative  Importance  of  Each  Side  Channel 

191.  With  this  information  in  mind,  it  was  desirable  to  determine 

the  relative  importance  of  each  side  channel  by  ranking  them  on  the 
basis  of  biological  groups:  namely,  fish,  benthic  organisms,  zooplank- 

ton, and  phytoplankton.  Average  total  numbers  and  species  diversity  d 
for  each  of  the  biological  groups  were  used  in  the  ranking  procedures. 
The  basic  assumption  was  that  within  a side  channel,  the  larger  the 
standing  crops  of  organisms  and  the  more  diverse  the  communities,  the 
more  valuable  the  side  channel.  Large  standing  crops  of  certain  organ- 
isms can  occur  even  in  polluted  systems,  but  usually  the  diversity  of 
such  a community  is  low.  For  this  reason,  both  standing  crops  and  di- 
versity were  used  as  criteria  in  ranking. 

192.  The  selection  of  subgroups  within  each  of  the  biological 
groups  used  in  the  ranking  procedure  was  based  mainly  on  those  sub- 
groups that  were  numerically  dominant.  Many  of  the  subgroups  for 
which  there  were  data  (predator  and  commercial  fish  and  benthic  organ- 
isms, such  as  crustaceans,  leeches,  and  gastropods)  were  so  poorly 


represented  that  their  contribution  to  the  ranking  procedure  was  con- 
sidered unimportant  and  therefore  they  were  not  included.  Phytoplank- 
ton and  zooplankton  total  densities  and  diversity  were  considered  to  be 
the  most  meaningful  and  were  the  only  planktonic  subgroups  considered. 

193-  Since  not  all  biological  groups  were  sampled  consistently 
for  all  side  channels  and  during  all  three  sampling  periods,  an  attempt 
was  made  to  employ  the  maximum  amount  of  information  available  that  was 
considered  meaningful  in  the  ranking  procedures.  This  meant  making  two 
final  rankings  of  the  side  channel  where: 

ji.  All  23  side  channels  were  ranked. 

b.  Only  13  of  the  23  side  channels  were  ranked. 

The  biological  subgroups  used  to  derive  the  final  rankings  for  each 
sampling  period  are  presented  in  Table  13. 

19*+.  In  the  determination  of  side  channel  ranks,  mean  values  for 
each  subgroup  within  each  sampling  period  were  used  to  calculate  grand 
means  over  the  three  sampling  periods.  Subgroup  grand  means  for  each 
side  channel  were  assigned  ranks  with  the  largest  mean  given  a rank  of 
"l,"  the  next  largest  mean  a rank  of  "2,"  and  so  forth.  Individual  sub- 
group ranks  were  combined  to  derive  group  rankings  for  the  groups  of  23 
and  13  side  channels.  Group  ranks  for  each  side  channel  were  added  to 
obtain  two  final  overall  side  channel  rankings.  Group  rankings  and  the 
corresponding  overall  side  channel  rankings  are  presented  in  Tables  1*+ 
and  15. 

195.  When  group  ranks  were  compared  with  the  final  rank  for  a 
particular  side  channel,  there  appeared  to  be  no  consistent  trend  that 
showed  any  group  to  be  a better  indicator  than  any  other  of  the  overall 
value  of  the  side  channels.  Had  a consistent  trend  been  observed, 
future  monitoring  of  the  side  channels  would  require  only  evaluation  of 
that  particular  group.  Such  a reduction  in  scope  of  investigating  these 
aquatic  habitats  would  have  resulted  in  less  effort  and  cost. 

196.  The  ranks  for  the  13  side  channels  are  based  on  more  infor- 
mation than  the  ranks  for  all  23  side  channels  and  for  this  reason 
should  provide  a better  ranking  for  those  specific  locations.  However, 
comparison  of  the  ranks  of  the  13  side  channels  (Table  15)  with  the 
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ranks  of  the  same  13  side  channels  ranked  among  the  23  (Table  lU ) re- 
veals that  while  some  differences  exist,  generally  the  order  of  ranking 
is  comparable  in  both  cases.  The  similarity  in  ranking  order  observed 
between  the  final  two  rankings  for  those  specific  13  side  channels  is 
due  to  the  fact  that  most  of  the  information  used  in  the  ranking  pro- 
cedures is  common  to  both  final  rankings.  While  the  ranking  of  the  13 
side  channels  provides  a better  evaluation  for  those  side  channels,  it 
is  limited  in  that  only  13  side  channels  were  evaluated. 

197-  The  evaluation  based  on  the  ranking  for  23  side  channels 
appears  to  be  more  valuable  from  the  standpoint  that  a greater  number 
of  side  channels  were  considered.  Additionally,  the  results  from  the 
ranking  of  the  13  side  channels  may  help  to  differentiate  between  two 
or  more  closely  ranked  side  channels  observed  in  the  ranking  of  the 
23  side  channels.  For  example,  side  channels  10  and  23  both  have  an 
overall  rank  of  10  based  on  the  rankings  of  all  23  side  channels 
(Table  lU ) . However,  by  basing  the  rankings  on  more  information  (Table 
15),  side  channels  10  and  23  are  differentiated  and  assume  new  ranks 
of  1 and  U,  respectively. 

Factors  Affecting  the  Longevity  of  Side  Channels 

198.  Primary  interests  in  the  23  side  channels  considered  in  the 
present  study  are  related  to  the  abundance  and  composition  of  aquatic 
communities  occurring  in  them.  Also  worth  considering  in  addition 
to  biological  characteristics  are  those  factors  that  affect  the  longev- 
ity of  side  channels.  Undoubtedly,  certain  side  channels  could  be  main- 
tained to  provide  maximum  benefit  to  the  river's  ecology  more  easily 
than  others.  While  individual  model  studies  for  each  side  channel 
could  provide  the  best  criteria  for  such  decisions,  there  are  some  gen- 
eral comments  that  can  be  made  that  provide  some  insights  relevant  to 
why  certain  side  channels  persist  in  time  while  others  do  not. 

199*  The  cross-sectional  geometry  of  the  river  affects  the 
entrance  and  exit  conditions  of  a side  channel.  If  either  the  entrance 
or  exit  of  a side  channel  is  located  in  an  area  of  deposition,  the  side 
channel  is  less  likely  to  remain  open.  A typical  depositional  area  is 
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at  the  inside  of  a bend.  The  helical  flow  pattern  in  river  bends  (Fig- 
ure 2k)  results  in  a scour  tendency  on  the  outside  and  deposition  on  the 
inside  of  a bend. 

200.  Another  example  of  the  effect  of  helical  flow  concerns  the 
discharge  of  sediments  at  a bifurcation.  The  bed  load  (coarser  sedi- 
ments carried  along  the  bed  of  the  river)  is  carried  predominantly  to 
the  inside  of  the  bend  (Figure  25)-  This  could  lead  to  the  blockage  of 
the  side  channel  entrance  if  the  side  channel  is  located  on  the  inside 
of  a bend.  Referring  to  Figure  2b,  the  increased  water  elevation  of  the 
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Figure  2k.  Flow  pattern  at  a river  bend 
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Figure  25.  Tendency  of  bed  load  to  move  to  the  inside  channel 


flow  on  the  outside  of  the  bend  carries  less  of  a suspended  load 
(solid  matter  carried  by  a river  in  suspension)  and,  consequently,  a 
side  channel  located  on  the  outside  of  a bend  in  the  river  receives 
less  of  a sediment  load. 

201.  In  general,  the  concentration  of  suspended  matter  increases 
with  depth  (Figure  26).  The  lower  the  suspended  load  of  the  water  en- 
tering a side  channel,  the  smaller  the  chance  of  deposition  and  ultimate 
silting  up  of  this  channel. 

202.  The  slope  or  head  difference  (the  difference  :n  water- 
surface  elevation  at  the  entrance  and  exit  of  the  side  channel)  is  im- 
portant. If  the  head  difference  is  greater  than  that  of  the  river  (in 
other  words,  if  its  path  is  shorter  than  that  of  the  corresponding  reach 
of  the  river),  the  side  channel  will  attract  flow,  especially  during 
higher  stages.  Scouring  will  generally  be  greater  and  the  side  channel 
will  subsequently  be  longer  lived. 

203.  Roughness  is  another  important  factor  regulating  the  flow 
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in  side  channels.  Vegetation,  irregular  sections,  and  dikes  contribute 
to  the  roughness  which  results  in  a depositional  environment  which  de- 
creases the  longevity  of  a side  channel. 

20k.  The  location  of  a side  channel  can  be  on  (a)  a straight 
reach,  (b)  the  inside  of  a bend,  or  (c)  the  outside  of  a bend. 

205.  Long,  straight  reaches  are  believed  to  be  the  result  of  a 
combination  of  natural  or  man-made  cutoffs  where  long  reaches  of  sin- 
uous, meandering  channels  with  relatively  flat  slopes  are  converted  to 
shorter  reaches  with  steeper  slopes  which  gradually  diminish  with 
development  and  degradation  of  the  channel  upstream.  These  slopes  are 
flattened  at  high  stages  but  are  still  steep  enough  to  enable  the  stream 
to  transport  large  quantities  of  bedload  sediment.  This  results  in 
wide  channels  with  shallow  average  depths  and  bed  forms  that  are  main- 
tained by  these  steep  slopes.  At  low  stages  the  river  tends  to  meander 
within  the  high-water  trace,  resulting  in  short  pools  between  relatively 
long  and  shallow  crossings  not  suitable  for  navigation.  The  pools 
cause  converging  flows  that  tend  to  deepen,  followed  by  diverging  flows 
that  contribute  to  the  higher  crossovers  and  the  formation  of  middle 
bars.  Even  though  the  plan  view  during  high  water  appears  relatively 
straight,  the  channel  tends  to  meander  within  the  confines  of  the  high- 
water  line  (Figure  27). 

206.  Referring  to  Figure  27,  any  side  channel  located  along  a 
straight  reach  would  be  handicapped  if  either  the  entrance,  exit,  or 
both  the  entrance  and  the  exit  were  located  at  a bar  formation  (Fig- 
ure 28).  Because  of  the  straight  reach,  the  side  channel  would  probably 
have  a lesser  bottom  slope  than  the  river.  Any  dikes  in  the  channel 
would  further  retard  flow  and  thus  the  side  channel’s  ability  to  main- 
tain itself. 

207.  A side  channel  that  begins  on  the  outside  of  a bend  has  a 
favorable  entrance  position  since  it  is  in  a nondepositional  area  and 
the  flow  carries  a lesser  suspended  load  (Figure  29).  Side  channels 
that  occur  on  the  inside  of  a bend  would  probably  have  entrances  and/ 
or  exits  located  in  a depositional  region  (a  bar  formation).  The 
entrance  would  receive  a disproportionately  high  volume  of  bed  load 
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Figure  28.  Side  channel  in  a straight  reach 


that,  when  deposited  in  the  side  channel  at  lower  stages,  would  greatly 
increase  the  channel  resistance. 

208.  A closure  dike  in  a side  channel  is  meant  to  retard  flow  at 


low  discharges  and  to  pass  flow  at  high  discharges.  It  thus  acts  as  a 
broad-crested  weir.  Because  the  dike  diverts  flow  at  low  discharges  to 
the  main  channel,  the  river  is  better  able  to  maintain  its  navigation 
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conditions  to  the  notch  and  (b)  the  side  channel  into  which  the  flow  di£ 
charges.  The  flow  passing  the  notch  will  generally  enter  into  a large 
secondary  channel  unless  this  channel  has  already  silted  up.  As  sedi- 
ment transport  can  be  related  to  velocity  (Figure  30 ) and  average  veloc- 
ity can  be  represented  by  the  following  equation: 


V 


1-^9  r2/3s1/2 
n 


(1) 


where 

V = average  velocity 
n = roughness  factor  (Manning's  n) 

R = hydraulic  radius  (area  of  channel  divided  by  wetted  perimeter) 
s = bottom  slope 

any  number  of  factors  can  affect  the  velocity  necessary  to  keep  solid 
material  in  suspension.  Therefore,  the  downstream  channel  is  the  con- 
trolling factor. 


Cessation  of  movement 


<=10.  The  removal  of  internal  dikes  within  a dike  field  in  a side 
channel  obviously  reduces  the  retardance  to  flow  but  affects  the  sta- 
bility of  the  lead  dike.  In  most  cases,  a single  dike  could  suffice  if 
it  were  properly  designed. 

211.  The  complexity  of  the  problem  concerning  longevity  of  side 
channels  does  not  lend  itself  to  simple  solution.  Only  a thorough 
hydraulic  model  study  based  on  complete  prototype  data  can  give  a 
satisfactory  answer  to  a given  situation. 


PART  VII:  ENVIRONMENTAL  IMPACT  OF  CONSTRUCTION, 

OPERATION,  AND  MAINTENANCE 


212.  The  environmental  impacts  of  the  present  methods  of  con- 
struction, operation,  and  maintenance  of  the  Middle  Mississippi  9-ft- 
deep,  300-ft-wide  channel  will  be  considered  in  this  section.  Opera- 
tion and  maintenance  activities  include  maintenance  dredging  of  the 
channel,  disposal  of  dredged  material,  and  the  construction  and  main- 
tenance of  dikes  and  bank  revetments.  The  purpose  of  these  activities 
is  to  provide  adequate  depths  for  commercial  navigation,  especially 
during  periods  of  low  flow. 

213.  As  stated  earlier,  the  river  was  essentially  unaffected  by 
developments  prior  to  the  twentieth  century.  Most  of  the  changes,  in 
response  to  man-induced  developments  or  modifications,  have  occurred 
within  the  twentieth  century.  In  general,  these  changes  are  related  to 
river  morphology  and  river  behavior  which  either  directly  or  indirectly 
affect  the  biotic  communities  through  the  modification  of  existing  habi- 
tats. It  is  important  to  maintain  the  perspective  that  historically, 
significant  changes  of  the  river  system  have  occurred  naturally  since 
the  end  of  the  period  of  glacial  melt  and  will  continue  to  occur  with 
or  without  man-induced  modifications. 

2lh.  In  discussing  environmental  impacts,  it  is  also  important 
to  realize  that  different  reaches  of  the  river  and  the  structures  with- 
in these  reaches  respond  differently  to  modifications.  Especially  in 
the  case  of  side  channels,  no  general  formula  can  be  used  to  predict 
changes  or  even  to  assess  existing  conditions  without  a detailed  study 
of  each  specific  reach;  even  then  predictions  are  difficult. 


Maintenance  Dredging 


215.  Dredging  in  the  Middle  Mississippi  is  required  to  maintain 
or  improve  the  navigation  in  the  main  channel.  Generally,  much  of  the 
concern  associated  with  dredging  and  disposal  operations  involves 
closure  of  side  channels  or  backwater  areas  and  the  direct  destruction 


of  benthic  communities  that  are  an  important  part  of  the  riverine  eco- 
system. Direct  destruction  of  commercially  valuable  species  such  as 
mussels  and  clams  is  another  concern.  The  direct  effects  of  dredging 
and  disposal  on  benthic  communities  appear  obvious;  yet  definitive  in- 
formation allowing  the  prediction  and  assessment  of  the  extent,  duration, 
and  significance  of  these  effects  has  not  been  documented.  In  general, 
however,  the  potential  for  the  direct  destruction  of  benthic  communities 
is  greater  in  areas  which  have  not  previously  been  dredged  than  in  areas 
where  dredging  has  occurred.  Previously  dredged  areas  characteristi- 
cally have  shifting  substrates  that  may  limit  successful  benthic 
colonization. 

216.  Twelve  previously  dredged  sites,  15  disposal  sites,  and 
3 river  border  areas  in  the  Middle  Mississippi  River  were  sampled  for 
benthic  organisms  in  September  1973.^  Lowest  abundance  and  diversity 
of  benthic  organisms  were  observed  for  all  dredge  sites,  greater  abun- 
dance and  diversity  were  observed  at  disposal  sites,  and  highest  abun- 
dance and  diversity  were  observed  at  river  border  areas.  Among  all  pre- 
viously dredged  sites,  total  numbers  of  organisms  ranged  from  0 to  14  or- 
ganisms  per  0.l6  m ; the  number  of  taxa  ranged  from  0 to  2 per  0.l6  m . 
Samples  collected  from  4 of  the  12  dredged  sites  contained  no  organisms. 
Since  samples  were  not  collected  in  the  main  river  channel  from  other 
than  dredging  sites,  no  valid  comparison  between  previously  dredged 
sites  and  those  sites  in  the  channel  with  no  dredging  history  was 
possible.  However,  data  from  three  river  border  areas  in  the  same  river 
reach  with  no  dredging  or  disposal  history  may  serve  to  give  a relative 
indication  of  the  difference  in  abundances  between  the  two  areas.  The 
results  from  23  samples  revealed  greater  numbers  of  both  organisms  and 
taxa.  Among  these  river  border  areas,  total  number  of  organisms  ranged 
from  3 to  l86  per  0.l6  m and  averaged  3^  per  0.l6  m . Number  of  taxa 
ranged  from  1 to  9 and  averaged  5-  It  was  apparent,  at  least  on  a rel- 
ative basis,  that  numbers  and  kinds  of  benthic  organisms  occurring  in 
previously  dredged  sites  were  low  when  compared  to  river  border  areas 
that  had  no  dredging  history.  However,  it  is  felt  that  even  those 
areas  in  the  main  channel  not  requiring  maintenance  dredging  provide 
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poor  habitat  for  benthic  organisms.  While  further  research  is  needed, 
present  data  indicate  that  the  main  channel  of  the  river  is  character- 
ized by  strong  current  and  shifting  sand  bed  load,  which  would  severely 
limit  benthic  populations. 

217 • Indirect  effects  of  dredging  on  aquatic  communities  are  also 
an  important  concern,  although  much  more  difficult  to  evaluate.  The 
potential  for  indirect  effects  is  most  often  attributed  to  physical 
alterations  of  the  environment  and  possible  release  of  toxic  materials 
and  nutrients  in  the  water  column. 

218.  Among  the  physical  alterations  as  a result  of  dredging  are 
changes  in  bottom  geometry  and  bottom  substrate  that  cause  subsequent 
alterations  in  current  patterns,  velocities,  and  possible  nutrient  or 
toxic  chemicals  exchange  between  sediments  and  the  overlying  water. 

These  physical  alterations  may  work  individually  or  synergistically  to 
initiate  different  responses  within  aquatic  communities. 

Disposal  of  Dredged  Material 

219-  Most  of  the  concern  associated  with  the  disposal  of  dredged 
material  in  the  Middle  Mississippi  River  involves  the  effects  of  open- 
water  disposal  on  water  quality  and  aquatic  organisms  and  the  closure 
of  side  channels.  Prior  to  the  assessment  of  the  effects,  knowledge  is 
needed  regarding  the  quantity  and  quality  of  the  material  to  be  dredged. 
This  is  an  enormous  task  considering  that  the  types  of  materials,  quan- 
tities, rates,  and  methods  of  disposal  vary  greatly  with  time  and 
location. 

220.  It  is  well  established  that  within  the  study  reach,  bottom 
sediments  are  continually  being  resuspended  naturally,  and  to  a degree, 
open-water  disposal  of  dredged  material  can  be  thought  of  as  an  exten- 
sion of  these  natural  processes.  However,  open-water  disposal  usually 
results  in  the  resuspension  of  large  volumes  of  sediments  within  a 
shorter  time  and  in  a limited  area.  The  resuspended  sediments  may  con- 
tain toxic  chemicals  and  nutrients  that,  through  the  process  of  dis- 
solution, may  enter  into  solution  and  adversely  affect  biological 
communities . 
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221.  Short-  and  long-term  effects  of  open-water  disposal  on  water 
quality  and  aquatic  communities  are  yet  to  be  thoroughly  evaluated,  but 
nonetheless  some  are  qualitatively  known.  Short-term  effects  associated 
with  disposal  operations  include: 

a.  Increased  turbidity  that  reduces  light  penetration  and 
could  therefore  interfere  with  primary  production, 
flocculate  plankton  organisms,  decrease  food  availabil- 
ity, and  produce  effects  which  are  aesthetically 
displeasing. 

b.  Increased  sedimentation  that  could  result  in  the 
smothering  of  benthic  organisms,  destruction  of  spawn- 
ing areas  for  fish,  and  the  reduction  of  habitat  di- 
versity and  vegetation  cover. 

c_.  Reduction  of  dissolved  oxygen  concentration  that  could 
suffocate  or  stress  organisms  in  the  immediate  vicinity 
and/or  release  noxious  materials  such  as  sulfides, 
methane,  and  heavy  metals  into  the  water  column. 

222.  Unlike  short-term  effects,  which  usually  can  be  detected 
during  or  immediately  after  the  disposal  operation,  possible  long-term 
effects  are  more  subtle  and  thus  more  difficult  to  detect  and  evaluate. 
The  possibility  of  long-term  effects  as  a result  of  disposal  operations 
is  attributed  to  the  presence  of  nutrients  and  chemical  toxins  in  the 
sediment,  their  release,  and  their  possible  subsequent  effect  on  the 
extent,  rate,  and  diversity  of  the  recolonization  of  benthic  popul- 
ations. Undoubtedly,  through  the  selection  of  disposal  sites  that  are 
poor  aquatic  habitats,  the  Corps  can  minimize  any  possible  adverse 
effects  of  placement  of  dredged  material  on  the  aquatic  ecosystem  of  the 
Middle  Mississippi  River. 

223.  The  disposal  of  dredged  material  in  such  critical  areas  as 
near  the  entrances  or  exits  of  side  channels  may  have  deleterious 
effects.  The  direct  placement  of  dredged  material  in  these  locations 
could  block  the  flow  of  water  through  the  side  channels  and  thereby  pre- 
vent the  movement  of  fish  between  side  channel  and  river  and  could  re- 
duce the  flow  and  consequently  alter  existing  physicochemical  character- 
istics. It  is  now  the  practice  of  the  Corps  in  the  Middle  Mississippi 
River  to  restrict  the  disposal  of  dredged  material  at  the  entrances  and 
exits  of  side  channels. 


22h.  Knowledge  concerning  the  most  ecologically  sound  manner  of 
disposal  of  dredged  material  is  presently  unavailable.  WES  has  ini- 
tiated, as  part  of  the  Dredged  Material  Research  Program,  studies  that 
hopefully  will  provide  definitive  information  relevant  to  disposal 
problems . 

Levees 


225.  The  construction  of  levees  along  the  floodplain  was  one  of 
man's  first  modifications  to  affect  the  natural  flows  in  the  Middle 
Mississippi  River.  The  levees  have  isolated  the  major  portion  of  the 
floodplain  from  the  river  channel  so  that  all  floodwaters  are  now 
confined  to  the  river  channel  and  that  portion  of  the  floodplain 
between  the  channel  and  the  levees.  Consequently,  the  flood  stage  has 
increased  for  similar  discharges. 

226.  Since  the  floodplain  is  a storage  area  for  floodwaters  when 
the  river  rises  above  the  bank-full  stage  and  provides  additional  channel 
capacity  to  carry  water  downstream,  levees  along  a reach  of  the  river 
increase  the  flow  discharge  for  stages  greater  than  bank- full.  The  in- 
crease in  channel  discharge  results  from  the  decrease  in  floodplain 
storage . 

227.  Although  flood  stages  in  the  Middle  Mississippi  are  now 
higher  than  those  under  natural  conditions,  levees  prevent  flood  damage 
outside  of  the  levees  when  the  river  exceeds  bank-full  stage  and  by 
doing  so  prevent  widespread  destruction  of  terrestrial  fauna  and  flora. 
Additionally,  levees  provide  sanctuary  during  high  water  to  many 
animals  inhabiting  the  unprotected  floodplain.  Under  natural  conditions, 
widespread  flood  damages  occurred  whenever  the  river  exceeded  bank-full 
stage . 

Dikes 

228.  To  provide  year-around  river  navigation  in  the  Middle  Missis- 
sippi River,  over  800  dikes  having  a total  length  of  91  miles  have  been 
built  into  the  river  channel  from  the  riverbanks.  To  obtain  the  9- ft 
navigation  channel  in  the  study  area,  the  Corps  of  Engineers  is 
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presently  extending  the  dikes  so  that  the  maximum  distance  between  the 
ends  of  the  dikes  on  opposite  sides  of  the  river  is  1500  ft.  The  ef- 
fects of  dikes  on  river  morphology  and  river  behavior  and  subsequent 
effects  on  riverine  ecosystems  are  numerous. 

Areal  reductions 

229.  Between  1888  and  1968,  the  river  surface  area  in  the  study 
area  was  reduced  by  about  one-third,  the  island  area  by  one-half,  and 
the  riverbed  area  by  one-fourth  as  a result  of  river  contractions  by 
dike  fields  and  bank  revetment.  During  this  same  period,  average  river 
width  decreased  from  5300  ft  in  1888  to  3200  ft  in  1968  due  to  contrac- 
tion efforts.  Dike  construction  began  earlier  in  another  reach  on  the 
Mississippi  near  St.  Louis.  Since  1849,  dikes  have  reduced  the  river 
width  of  this  reach  by  half.  However,  the  bank- full  width  at  St.  Louis 
has  remained  at  2100  ft. 

230.  The  cross-sectional  area  at  bank- full  stage  measured  at  St. 
Louis  in  1937  was  120,000  sq  ft,  which  was  reduced  to  about  80,000  sq  ft 
in  1973.  The  narrowing  of  the  channel  at  St.  Louis  has  reduced  the  bank' 
full  channel  area  by  about  one-third.  Bank-full  cross-sectional  areas 
have  similarly  decreased  throughout  the  Middle  Mississippi  River  where- 
ever  the  river  channel  has  been  contracted. 

231.  The  cumulative  effect  of  the  reduction  of  areas,  especially 
those  shallow  areas  between  the  main  river  channel  and  the  bank,  has 
reduced  the  available  habitat  for  those  plants  and  animals  adapted  to 
such  areas;  however,  this  effect  is  yet  to  be  quantified.  The  loss  of 
the  above  specific  surface  areas  must  be  viewed  together  with  the  newly 
created  91  miles  of  dike  and  the  potential  habitat  they  provide  for 
aquatic  organisms.  Although  further  investigations  are  needed,  WES 
field  surveys  of  many  dikes,  both  in  side  channels  and  along  river  bor- 
der areas,  during  July  1973  indicated  that  the  dikes  examined  provided 
excellent  habitat  for  benthic  organisms.  Large  numbers  of  nonburrowing 
mayflies  and  caddisflies  plus  other  aquatic  invertebrates  were  observed 
on  the  quarrystones  of  which  the  dikes  were  constructed. 

Riverbed  degradation 

232.  Riverbed  degradation  has  also  occurred  along  the  Middle 


Mississippi  River  wherever  the  river  channel  has  been  narrowed.  The 
degradation  is  the  natural  consequence  of  reducing  the  width,  increasing 
the  flow  per  unit  of  width,  and  increasing  the  transport  capability  of 
the  water  per  unit  width.  The  effects  of  riverbed  degradation  on  aquatic 
organisms  in  the  reach  of  the  Middle  Mississippi  River  are  not  yet  fully 
understood;  it  is  possible  that  increased  sediment  load  could  adversely 
affect  these  organisms  directly  by  smothering  established  populations 
and  indirectly  through  alteration  of  their  habitat. 

Water-level  fluctuations 

233.  Based  on  St.  Louis  river  stage  records  beginning  in  1843,  the 
annual  maximum  stage  at  St.  Louis  has  been  increasing  only  slightly 
throughout  the  130  years  of  records.  The  variations  in  annual  maximum 
stages  are  greater  now  than  in  the  past.  The  highest  recorded  stage  in 
St.  Louis  was  43.3  ft  in  1973.  The  trend  of  the  annual  minimum  stages 
has  been  downward  during  the  period  of  record.  The  minimum  stages  are 
now  on  the  average  6 ft  lower  than  in  the  l860's  and  the  1870' s.  The 
lowest  recorded  stage  at  St.  Louis  was  -6.2  ft  on  l6  January  1940.  The 
study  of  the  daily  stage  versus  duration  reveals  that,  on  the  average, 
daily  stages  are  lower  now  than  a century  ago. 

234.  The  changes  in  stage  at  St.  Louis  in  the  last  century  are 
due  mainly  to  the  rock  and/or  pile  dikes  and  the  levees.  Construction 
of  rock  and  pile  dikes  causes  deposition  in  the  dike  field;  trees  and 
other  vegetation  grow  on  the  deposit  and  stabilize  it.  The  tree  and 
willow  growth  encourages  additional  deposition  whenever  the  area  is 
flooded.  In  most  cases  the  ultimate  effect  of  the  dike  field  is  to 
cause  the  river  to  develop  a new  bankline  at  the  extremity  of  the  dike 
field,  resulting  in  reduced  channel  width  and  a lowering  of  the  riverbed. 
Because  the  bed  is  lower  in  the  contracted  river,  the  stages  are  lower. 

235.  In  summary,  increased  variations  in  annual  maximum  stages 
and  decreases  in  annual  minimum  and  daily  stages  have  occurred  since 
man-made  modification  of  the  river  began  and  have  resulted  in  greater 
fluctuation  of  water  levels  than  in  the  past.  Fluctuating  water  levels 
have  occurred  throughout  the  Middle  Mississippi  River  history.  Side 
channels  along  the  river  have  been  and  will  continue  to  be  subject  to 


the  river's  fluctuations;  and  since  many  of  them  are  shallow,  changes 
may  be  extreme  within  the  side  channels.  Organisms  living  in  areas  with 
a history  of  water-level  fluctuations  have  adapted  to  these  conditions. 
It  is  felt  that  the  impact  of  increased  water-level  fluctuations  on 
organisms  inhabiting  side  channels  or  areas  within  the  floodplain  is 
minimal  due  to  their  prior  adaptation.  More  serious  is  the  sudden  low- 
ering of  water  levels  with  subsequent  reduction  in  volume  and  area  that 
could  adversely  affect  biological  communities. 

Side  Channels 


Stabilized  channel 

236.  In  the  Middle  Mississippi,  there  are  some  natural  side  chan- 
nels that  were  formed  by  the  processes  of  either  erosion  or  deposition. 
Side  channels  so  formed  can  grow  in  size  and  capture  most  of  the  dis- 
charge and  become  the  main  channel;  they  can  deteriorate  in  size  and 
become  a part  of  the  floodplain;  or  they  can  grow  to  the  same  size  as 
the  main  channel  and  maintain  that  size.  In  the  natural  river,  those 
side  channels  that  are  obliterated  by  deposition  are  replaced  by  new 
side  channels  caused  by  floods  and/or  river  migrations. 

237.  The  Middle  Mississippi  River  is  no  longer  free  to  migrate 
and  produce  new  side  channels  since  there  are  no  meander  loops  to  be 
cut  off  by  floods.  Except  for  those  side  channels  that  carry  appreci- 
able riverflows  at  high  stages  (chutes),  natural  side  channels  are 
being  filled  with  sedrment.  The  major  chute  channels  such  as  Cape  Bend 
have  achieved  a size  that  indicates  that  they  could  exist  for  a long 
period  of  time. 

238.  Today  most  of  the  more  recent  side  channels  in  the  Middle 
Mississippi  are  man-induced.  These  side  channels  form  in  and  along 
the  dike  systems  employed  to  improve  the  river  navigation  channel.  The 
life  of  a side  channel  produced  by  dike  fields  is  usually  relatively 
short.  The  dike  fields  and  the  side  channels  fill  with  sediment  rap- 
idly because  dike  fields  are  usually  located  in  areas  of  natural  depo- 
sition. Once  the  side  channel  is  filled,  there  is  easy  access  to  the 


island  area.  In  many  cases,  the  filled  side  channel  and  island  area 
are  converted  to  agricultural  use. 

239-  The  major  impact,  however,  is  the  loss  of  the  side  channel 
to  the  riverine  ecosystem.  Man-made  or  existing  natural  side  channels 
are  important  features  to  the  ecology  of  the  river.  They  provide  suit- 
able areas  for  fish  and  wildlife  habitats,  as  evidenced  by  studies  per- 
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formed  by  WES  and  MDC.  How  important  they  are  to  the  river  fishery 
is  still  a question  in  need  of  further  study;  yet  the  loss  of  side 
channels  through  whatever  mechanism  and  corresponding  loss  of  the  poten- 
tial to  the  river  fishery  is  real.  The  loss  of  aesthetic  and  existing 
or  potential  recreational  areas  must  be  considered  as  part  of  the  im- 
pacts associated  with  the  loss  of  side  channels.  Their  value  as  com- 
mercial fishing  areas  is  very  limited,  but  they  are  enjoyed  by  sport 
fishermen  as  well  as  boating  enthusiasts.  Since  side  channels  serve 
as  storage  reservoirs  during  flood  stages,  slight  increases  in  flood 
heights  would  occur  if  they  were  to  disappear. 

2U0.  It  is  important  to  remember  that  not  all  side  channels  are 
equally  important  for  aquatic  organisms  and  other  animal  forms.  Some 
provide  more  suitable  habitat  for  fish  and  wildlife  than  others.  Be- 
cause of  their  alignment  with  the  main  channel,  still  other  side  chan- 
nels may  be  short-lived  and/or  difficult  to  maintain.  Such  factors  need 
to  be  considered  if  preservation  of  the  side  channels  is  planned. 

River  morphology 

2^1.  The  life  history  of  side  channels  and  dike  fields  is  evident 
in  all  reaches  of  the  Middle  Mississippi  River.  Dikes  were  built  in  the 
Middle  Mississippi  after  the  nineteenth  century.  In  almost  every  reach, 
there  are  old  dike  fields  that  are  completely  covered  by  sediment  and 
vegetation  and  are  now  indistinguishable  from  the  mainland;  there  are 
both  new  and  old  dikes  visible  only  where  they  cross  backwater  channels 
and  at  the  main  channel  extremity;  and  there  are  new  dike  fields  as  yet 
not  covered  by  sediments  and  vegetation.  A side  channel  in  a dike 
field  passes  through  stages  of  development  usually  to  a stage  where 
the  side  channel  is  indistinguishable  from  the  adjacent  floodplain. 

2k2.  Model  studies.  CSU  model  studies  have  shown  that  single 
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dikes  affect  river  morphology  and  behavior  differently  than  do  dike 
fields.  When  a single  dike  is  projected  from  one  bank  out  into  the  chan- 
nel flow,  the  flow  velocities  are  increased,  especially  around  the  nose 
of  the  dike.  These  increased  velocities  scour  material  from  the  region 
around  the  nose  of  the  dike.  Because  the  bed  velocities  at  the  nose  of 
the  dike  are  still  less  than  the  surface  velocities,  it  is  the  sediment- 
laden bed  velocities  that  make  the  turn  into  the  lee  side  of  the  dike. 

On  the  lee  side  of  dikes  placed  in  natural  depositional  areas,  where  the 
flow  expands  again,  the  sediments  are  deposited  forming  a sandbar. 

243.  The  scour  hole  produced  is  much  smaller  in  volume  than  the 
bar  behind  the  dike.  After  the  scour  hole  has  reached  an  equilibrium 
depth,  the  flow  field  around  the  nose  of  the  dike  takes  the  normal  bed 
materials  moving  in  from  above  the  dike  and  places  these  sediments  on 
the  bar.  Thus  in  the  model  discussed  earlier  in  this  report,  the  bar 
continued  to  grow,  even  after  the  scour  hole  had  ceased  growing. 

244.  As  soon  as  the  bar  is  formed,  a derelict  channel  is  left  in 
the  area  between  the  bar  and  the  bankline.  This  channel  accepts  the 
flow  over  the  bar  and  drains  that  flow  out  the  lower  end.  If  the  bar 
were  to  become  vegetated  or  otherwise  stabilized,  the  small  channel  be- 
tween the  bar  and  the  bank  would  become  a side  channel.  The  future  of 
the  side  channel  would  depend  on  river  alignment,  discharge,  and  sedi- 
ment transport. 

245.  Adding  another  dike  in  the  model  on  the  same  side  of  the 
channel  downstream  of  the  single  dike  changed  the  bar-building  processes 
significantly.  The  initial  effect  was  that  much  less  flow  entered  the 
region  between  the  two  dikes  and  more  flow  passed  through  the  contracted 
section.  The  second  dike  blocked  the  discharge  of  the  small  channel 
along  the  bank.  Less  water  and  sediment  entered  the  region  between  the 
dikes.  The  result  was  that  the  bar  between  the  dikes  grew  and  moved  in- 
ward much  more  slowly  than  when  there  was  only  a single  dike. 

246.  Laboratory  model  studies  have  demonstrated  how  scour  holes, 
velocity  changes,  and  the  establishment  and  movement  of  sandbars  are 
some  of  the  physical  impacts  resulting  from  the  presence  of  dikes.  One 
very  important  impact  associated  with  existing  dikes  and  one  that  has 
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been  observed  in  the  field  is  the  fact  that  dikes  create  slack-water 
areas  and  by  doing  so  provide  habitat  diversity  beneficial  to  fishes  as 
resting,  spawning,  and  foraging  sites. 


2hY.  Prototype  conditions.  One  important  difference  between  the 
evolution  that  occurred  in  the  laboratory  model  dike  field  described 
above  'and  the  evolution  that  occurs  in  the  prototype  dike  fields  is  that 
in  the  prototype,  vegetation  becomes  established  on  the  surface  of  bars 
and  alters  the  evolution  processes.  In  general,  vegetation  impedes  the 
flow  across  the  top  of  bars  and  effectively  stops  the  movement  of  sedi- 
ment into  the  small  channel.  With  the  addition  of  trees,  a bar  would 
become  an  island  with  the  small  channel  as  a side  channel. 

2^8.  In  the  case  of  the  single  dike,  the  addition  of  vegetation 
to  the  bar  would  help  to  preserve  the  life  of  the  side  channel  by  stop- 
ping the  movements  of  large  amounts  of  bed  sediments  over  the  bar. 
Sedimentation  would  still  occur  in  the  backwater  channel  but  at  a signi- 
ficantly reduced  rate. 

Changes  in  dike  configuration 

2U9.  In  the  Middle  Mississippi  River,  much  of  the  planned  dike 
construction  includes  short  extensions  of  existing  dikes.  Field  ex- 
perience and  model  experiments  by  CSU  show  that  short  extensions  of  ex- 
isting dikes  into  the  main  channel  will  not  result  in  new  side  channels. 
A short  extension  of  a dike  field  in  natural  depositional  areas  re- 
sults in  the  formation  of  long,  low  bars  between  the  dikes  and  a very 
shallow  channel  between  the  bars  and  the  bank.  If  the  dike  extension 
crests  are  low,  the  entire  area  of  the  dike  fields  remains  sand-filled. 
Vegetation  becomes  established  on  these  sandbars  if  the  dike  extension 
crests  are  high. 

250.  If  the  area  of  the  dike  field  becomes  vegetated,  a portion 
of  the  high-water-carrying  capacity  of  the  river  is  lost.  The  newly 
vegetated  area  is  not  as  effective  in  carrying  high-water  flows  as  it 
was  prior  to  becoming  vegetated.  In  general,  short  extensions  of  ex- 
isting dikes  will  produce  a deeper  low-water  channel,  no  new  side  chan- 
nels, and  possibly  higher  stages  during  floods. 

251.  Model  studies  used  to  evaluate  the  effects  of  notched 


9b 


dikes  on  river  morphology  have  generally  shown  that  the  notch  resulted 
in  rapid  sedimentation  in  the  entire  dike  field  and  formation  of  scour 
holes  immediately  downstream  of  each  dike.  It  was  concluded  that  such 
scour  holes  would  produce  bankline  failures  if  the  banklines  were  not 
stabilized. 

252.  About  20  dikes  in  the  Middle  Mississippi  River  have  been 
notched  to  determine  the  effects  of  the  notched  dike  on  the  river’s 
morphology  and  how  such  effects  differ  from  those  of  the  unnotched  dikes. 
While  the  alterations  are  too  recent  for  detailed  evaluations,  casual 
field  observations  of  these  prototype  notched  dikes  tend  to  verify  the 
results  of  model  studies  in  that  bankline  failures  were  observed.  In 
addition,  deposition  was  observed  upstream  from  notched  dikes,  and 
notched  dikes  appear  to  deteriorate  at  a much  higher  rate  than  unnotched 
dikes,  especially  during  periods  of  high  flow. 

Revetments 


253.  In  the  Middle  Mississippi  River,  122  miles  of  revetments 
stabilize  the  riverbanks  by  preventing  or  greatly  reducing  erosion.  By 
this  method,  bend  migration  has  been  reduced  to  the  extent  that  the  river 
is  no  longer  free  to  migrate  and  to  produce  new  side  channels.  The  loss 
of  potential  new  natural  channels  is  offset  by  the  fact  that  man-made 
channels  have  been  formed  through  river  development  and  modification  and 
that  these  side  channels  could  be  maintained. 

25U.  Some  of  the  effects  of  revetments  on  river  morphology  and 
behavior  are  similar  to  those  of  dikes,  since  both  revetments  and  dikes 
cumulatively  serve  to  contract  the  river.  CSU  studies  have  shown  that 
contraction  of  the  river  has  generally  caused  the  reduction  of  river 
surface  area,  island  area,  riverbed  area,  river  width,  and  corresponding 
bank- full  channel  and  cross-sectional  areas.  Because  revetments  have 
kept  the  river  channel  narrow,  riverbed  degradation  has  occurred  with 
subsequent  lowering  of  the  riverbed  elevation.  As  a consequence  of  the 
areal  reductions,  the  potential  habitat  available  for  aquatic  organisms 
has  been  reduced.  However,  preliminary  field  observations  by  WES 
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indicate  that  rock  revetment  may  create  a superior  habitat  by  providing 
greater  diversity  for  aquatic  organisms  through  stabilization  of  the 
river's  banks. 

255-  Although  the  effects  of  increased  riverbed  degradation  and 
river  depth  on  aquatic  organisms  are  unknown,  increased  sediment  load 
could  have  adverse  effects,  directly  by  smothering  the  organisms  and 
indirectly  by  changing  the  bottom  geometry  and  bottom  sediments,  which 
could  in  turn  alter  current  patterns  and  velocities.  Short-term  in- 
creases in  turbidity  above  ambient  concentrations  probably  result  dur- 
ing bank  preparation  and  revetment  placement  activities.  However,  once 
the  river's  banks  are  stabilized,  rates  of  erosion  diminish  and,  conse- 
quently, these  areas  undoubtedly  contribute  less  turbidity  than  do  un- 
protected eroding  banklines. 

256.  Essentially,  the  ecology  of  revetments  has  never  been  inves- 
tigated, although  WES  is  currently  coordinating  some  studies  in  this 
area.  Presently,  while  it  is  felt  that  some  revetment  types  may  provide 
habitat  for  aquatic  organisms,  changes  have  occurred  in  abundances  and 
composition  of  the  river's  biota  and  in  productivity  of  revetment  areas; 
these  changes  should  be  studied. 
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PART  VIII:  RECOMMENDED  AREAS  OF  RESEARCH 


257.  The  overall  results  of  this  study  indicate  the  need  for  new 
or  more  intensive  research  in  the  existing  system.  This  section  con- 
siders several  of  the  major  research  areas.  There  are,  however,  many 
additional  research  areas  worthy  of  study. 

Dredging  and  Disposal  Operations 

258.  Much  of  the  environmental  concern  associated  with  main- 
tenance dredging  and  disposal  operations  is  related  to  the  destruction 
of  benthic  communities  that  are  considered  to  play  an  important  role  in 
the  river's  ecology.  Those  organisms  inhabiting  the  main  river  channel 
may  be  directly  destroyed  by  dredging  or  may  be  smothered  through  the 
disposal  of  dredged  material.  In  the  study  reach,  however,  little  data 
are  available  that  allow  evaluation  of  the  effects  of  dredging  and  dis- 
posal operations  on  benthic  communities. 

259.  Twelve  dredged  sites,  15  open-water  disposal  sites,  and  3 

river  border  sites  in  the  Middle  Mississippi  River  area  were  surveyed  by 
37 

WES  in  1973;  the  survey  did  not  include  any  sites  in  an  undredged 
part  of  the  main  channel.  This  limited  study  indicated  that  generally 
the  abundances  and  diversity  of  benthic  organisms  were  lower  at  the 
dredged  sites  than  at  the  disposal  sites  or  in  the  river  border  areas 
and  were  lower  at  the  disposal  site  than  in  the  river  border  area. 

260.  Areas  in  the  river  that  have  not  been  affected  by  dredging 
and  disposal  operations  need  to  be  surveyed  and  evaluated  along  with 
data  acquired  from  dredged  and  disposal  areas  in  order  to  determine  if 
maintenance  activities  contribute  to  the  low  numbers  and  diversity  of 
benthic  organisms  observed  during  the  WES  survey.  It  is  very  possible 
that  bottom  conditions  in  the  undisturbed  main  river  channel  limit  even 
moderate  benthic  colonization.  The  potential  direct  destruction  of 
benthic  organisms  is  probably  greater  at  disposal  locations;  however, 
this  also  requires  further  study. 
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261.  In  addition  to  the  more  than  800  dikes  now  existing  in  the 
Middle  Mississippi  River,  dike  fields  are  continually  being  constructed 
to  obtain  a 9-ft  channel.  Although  physical  model  studies  at  CSU  have 
contributed  to  the  understanding  of  how  dikes  affect  river  morphology 
and  behavior,  the  effects  of  dikes  on  the  river's  ecology  have  not  been 
studied. 

262.  Dikes  are  characteristic  features  of  both  the  main  river 
and  many  of  the  side  channels.  Some  of  the  dikes  occurring  in  side 
channels  were  once  part  of  the  main  river  and  now  are  only  remnants  of 
what  were  once  dike  fields.  Many  of  the  dikes  found  in  side  channels 
were  placed  to  retard  flow  at  low  discharges  and  to  pass  flow  at  high 
discharges.  By  retarding  flow  at  low  discharges,  water  is  diverted  to 
the  main  channel  to  help  maintain  the  navigation  channel.  There  are 
several  questions  yet  to  be  answered  that  are  related  to  the  effects 
that  dikes  in  the  main  channel  and  in  side  channels  have  on  aquatic 
organisms. 

263.  In  the  main  river,  dikes  projecting  from  the  banks  provide 
slack-water  areas  on  the  downstream  side  and  part  of  the  upstream  side 
during  low  flow.  These  slack-water  conditions  appear  to  provide  addi- 
tional habitat  diversity  for  fish  and  other  aquatic  organisms  not  found 
in  the  main  channel.  Currently,  there  are  approximately  91  miles  of 
dikes  in  the  Middle  Mississippi  River;  new  dikes  are  continually  being 
constructed  and  old  dikes  extended.  Studies  aimed  at  assessing  the 
importance  of  slack-water  areas  as  resting,  feeding,  and  reproduction 
sites  for  fish  and  other  aquatic  organisms  need  to  be  undertaken. 

26k.  In  addition  to  providing  slack-water  areas,  the  rocks  from 
which  dikes  are  constructed  provide  areas  for  the  colonization  of  ben- 
thic organisms  and  consequently  become  primary  areas  of  origin  for  drift 
organisms.  The  actual  drift  component,  which  is  determined  in  part  by 
increased  flows  and  life  cycles  of  benthic  organisms,  is  directly  uti- 
lized as  a food  source  for  fish.  Generally,  the  larger  the  stones  and 
the  more  complex  the  substratum,  the  more  diverse  is  the  benthic 
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fauna.  However,  because  of  fluctuating  water  levels,  colonization  of 
dikes  in  the  Middle  Mississippi  River  may  be  limited  to  only  certain 
benthic  organisms.  The  extent  and  diversity  of  colonization  on  dikes 
by  benthic  organisms  and  their  contribution  to  the  drift  component  are 
other  areas  in  need  of  study. 

Revetments 


265.  To  aid  in  maintaining  a navigation  channel,  the  Corps 

has  protected  certain  critical  banks  with  revetments  to  prevent  erosion. 
Essentially  nothing  is  presently  known  about  the  effects  of  revetment 
on  the  river's  flora  and  fauna.  When  a bankline  is  revetted,  changes 
in  the  abundance  and  composition  of  the  river's  biota  and  in  the  second- 
ary productivity  of  these  areas  are  likely  to  occur.  Preliminary  sur- 
veys of  a few  revetted  areas  in  the  Middle  Mississippi  River  by  WES 
indicate  that  these  areas  are  capable  of  providing  additional  habitat 
diversity  for  aquatic  organisms  and,  therefore,  may  be  beneficial.  It 
is  probable  that  the  design  of  revetments  could  considerably  alter  their 
effect  on  the  biota.  A particular  design  for  revetments  may  provide  a 
more  diverse  habitat  for  aquatic  organisms  than  others;  if  not,  such  a 
design  could  possibly  be  developed.  It  seems  important  to  attempt  to 
recognize  variations  in  revetment  works  that  might  result  in  a signifi- 
cant difference  in  the  type  of  habitat  provided. 

Side  Channels 

266.  If  it  is  decided  that  side  channels  are  important  features 
to  the  ecology  of  the  river,  improvement  and/or  maintenance  of  these 
areas  as  habitat  for  riverine  organisms  is  a justifiable  goal.  "Which 
side  channels  should  be  maintained  or  improved?"  or  "What  modifications 
of  methods  can  be  used  to  maintain  these  areas  effectively?"  are  seem- 
ingly simple  questions  involving  complex  problems  in  need  of  solution. 

267.  Side  channels  exist  under  extremely  variable  conditions. 

Some  are  located  on  the  inside  of  bends,  some  on  the  outside  of  bends, 
others  in  straight  stretches  of  the  river.  Each  side  channel  is  af- 
fected differently  by  the  geometry  of  the  main  river  to  which  it  is 
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connected  and  by  fluctuating  flow  regimes.  The  positions  of  the  en- 
trances and  exits  vary  among  side  channels;  some  have  multiple  entrances 
and  exits.  Most  side  channels  in  the  Middle  Mississippi  River  have 
internal  dikes,  varying  in  height,  structure,  and  position,  that  affect 
the  flow  of  water  through  the  channel  depending  on  the  river  stage. 

268.  It  is  generally  agreed  that  the  complexity  of  the  problem 
does  not  lend  itself  to  simple  solution.  Decisions  relevant  to  which 
side  channels  should  be  maintained  and/or  improved  and  what  modifica- 
tions could  be  used  to  accomplish  this  require  extensive  field  studies 
aimed  at  assessing  the  nature  of  each  side  channel  in  question  and 
thorough  model  studies  based  on  complete  prototype  data  for  a given 
situation. 

269.  Since  extensive  data  have  been  collected  from  23  side  chan- 
nels in  the  Middle  Mississippi  River,  it  seems  reasonable  to  use  this 
information  as  a data  base  to  aid  in  solving  specific  problems. 

270.  One  approach  would  be  first  to  initiate  laboratory  model 
studies  designed  to  evaluate  methods  of  maintaining  and/or  improving 
specific  side  channels,  or  perhaps  a selected  group  of  side  channels 
sharing  some  important  attribute,  since  it  would  not  be  economically 
feasible  to  perform  model  studies  for  every  side  channel.  Not  all  side 
channels  are  equally  important  from  a biological  point  of  view  as  shown 
by  their  ranks  using  several  biological  characteristics  (Part  VI).  Once 
ranked,  side  channels  could  be  grouped  according  to  some  physical  char- 
acteristic (i.e.,  those  closed  off  at  the  entrances,  those  closed  off 

at  the  exits,  and  those  having  internal  dikes  of  higher  elevation). 

Model  studies  could  then  be  performed  using  one  or  more  of  those  side 
channels  ranked  highest  in  one  group  (i.e.,  those  whose  entrances  are 
closed  off)  and  one  or  more  of  those  having  lowest  rank  in  another  group 
(i.e.,  those  whose  exits  are  closed  off).  Once  the  behavior  of  the 
highest  ranked  side  channels  is  understood,  those  side  channels  having 
the  lowest  ranks  could  be  restructured  to  simulate  conditions  of  the 
former. 

271.  Such  a procedure,  based  on  prototype  studies,  would  provide 
answers  to  questions  concerning  what  modifications  could  be  used  and 
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how  to  use  them  effectively  to  improve  a side  channel.  Optimum  results 
can  be  achieved  only  through  the  extension  of  such  physical  model 
studies  to  a field  situation.  In  other  words,  field  application  would 
be  required  to  assess  the  impact  of  restructuring  a side  channel  on  the 
biotic  communities  within  a particular  side  channel. 

272.  Internal  dikes  within  side  channels  have  both  favorable  and 
unfavorable  effects  on  aquatic  communities.  By  reducing  or  eliminating 
the  flow  of  water  through  a particular  reach  of  the  side  channel,  the 
dikes  create  more  stable  or  slack-water  conditions  favoring  lentic- 
adapted  species.  Reduced  flow  normally  reduces  turbidity,  which  in  turn 
may  favor  the  growth  of  the  primary  producers  and  other  components  of 
the  food  chain.  However,  internal  dikes  are  essentially  physical  bar- 
riers during  low  flow  and  most  likely  limit  the  movement  of  organisms 
(i.e.,  fish)  that  use  both  side  channels  and  the  main  river  during  their 
life  cycles.  Additionally,  internal  dikes  are  associated  with  increasing 
rates  of  sedimentation  during  high  flows  and  thus  may  reduce  the  longev- 
ity of  a particular  side  channel. 

273.  While  the  outlook  for  preserving  side  channels  by  designing 
suitable  structures  in  the  dike  fields  of  the  main  river  is  not  good, 
removal,  alteration,  and  repositioning  of  existing  dikes  within  side 
channels  could  prove  beneficial  to  maintaining  and/or  improving  the 
biological  habitat  of  side  channels.  It  may  be  desirable  to  remove  or 
alter  certain  dikes  by  notching  them,  which  would  (a)  provide  for  the 
free  movement  of  aquatic  organisms  between  the  side  channel  and  the  main 
river  and  (b)  allow  flow  to  pass  through  the  side  channel  and  possibly 
extend  the  life  of  the  channel  or  improve  the  water  quality.  Reposi- 
tioning of  dikes,  although  costly,  may  provide  another  method  of  in- 
creasing the  longevity  of  side  channels. 

27*+.  Laboratory  model  studies  could  be  useful  in  assessing  the 
changes  in  side  channels  caused  by  removing  certain  internal  dikes,  the 
repositioning  of  others,  or  notching  existing  dikes  in  a particular  side 
channel  of  interest.  The  results  from  the  model  studies  could  then  be 
applied  to  corresponding  field  situations. 
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i hysic uchemical 


Surface 

Temperature  (°C) 
Dissolved  oxygen  (mg/t) 
Turbidity  (JTU's) 

PH 

Alkalinity  (rag/t) 
Bottom 

Temperature  (°C) 
Dissolved  oxygen  (mg/i) 
Turbidity  (JTU's) 
pH 

Alkalinity  (mg/l) 


benthic  rga.ni 


Total  N0./O.I6  rn 
No . /m^ 

No.  of  taxa_ 
Diversity  (d) 
Evenness  (e) 
Insecta  (N0./O.I6 
Oligochaeta  ? 

(No./O.l 6 ra~) 
Hirudinea  _ 
(N0./O.I6  ) 

Crustacea  ? 

(N0./O.I6  nT) 
Pelecypoda  „ 
(N0./O.I6  ) 

Gastropoda  _ 
(No. /0.l6  m" ) 


Diversity  (d) 
Evenness  ( e ) 
Chlorophyta  (No./t) 
Euglenophyta  (No./t) 
Chrysophyta  (No./t) 
Cyanophyta  (No./l) 
Cryphophyta  (No./t) 
Total  No./t 


Diversity  (d) 

Evenness  (e) 

Cladocera  (No./t) 

Copepoda 

Rotifera  (adults)  (No./t) 
Rot if era  (eggs)  (No./t) 
Protozoa  (No./t) 

Total  No./t 


Fish  (per  6 Seine  Haul: 


Total  fish 

Total  young-of-year  (y-o-y ) 
Total  adult/juvenile  (A/J) 
Diversity  (1) 

Evenness  (e) 

No.  of  commercial 

No.  of  forage 

No.  of  predator 

No.  of  sport 

No.  of  commercial  y-o-y 

No.  of  forage  y-o-y 

No.  of  predator  y-o-y 

No.  of  sport  y-o-y 

No.  of  commercial  A/J 

No.  of  forage  A/J 

No.  of  predator  A/J 

No.  of  sport  A/J 

No.  of  taxa 


One-way  AOV  for  differences  among  3ide  channels. 

Tw  -way  AOV  for  differences  among  stations  accounting  for  side  -hannel  differences. 
.Vo -way  AOV  for  differences  among  side  channels  accounting  for  station  differences 
X means  significant  at  level, 
ns  means  no  sample. 


Note:  Numbers  per  six  seine  hauls 

* P < 0.05. 


Table  5 

Overall  Mean  Differences  (Side  Channel  Minus  River  Border  Area)  and 
Significance  for  Physicochemical  and  Biological  Variables 


Based  on  Collections  During  Sampling  Period  III 


Physicochemical-surface 


Physicochemical-bottom 


Benthic  organisms 


Phytoplankton 


Zooplankton 


Fish  (per  six 
seine  hauls) 


Measurements  (Units) 

Temperature ( °C ) 

Dissolved  oxygen  (mg/l) 
Turbidity  (JTU's) 
pH 

Total  alkalinity  (mg/£) 

Temperature  ( °C ) 

Dissolved  oxygen  (mg/£) 
Turbidity  (JTU's) 
pH 

Total  alkalinity  (mg/t) 

Total  No.  (N0./O.18  m2) 
(No./m2) 

No.  of  taxa 
Species  diversity  ci 
Evenness  index  e 
Insecta  (N0./O.I6  m2) 
Oligochaeta  (N0./O.16  m2) 
Hirudinea  (N0./O.I6  m2) 
Crustacea  (N0./O.16  m2) 
Pelecypoda  (N0./O.I6  m2) 
Gastropoda  (N0./O.I6  m2) 

Species  diversity  d 
Evenness  index  e 
Chlorophyta  ( No . / 2. ) 
Euglenophyta  (No./J.) 
Chrysophyta  (No./t) 
Cyanophyta  (No./t) 
Cryptophyta  (No./H) 

Total  No./S. 

Species  diversity  d 
Evenness  index  e 
Cladocera  (No./J.) 

Copepoda  (No./J) 

Rotifera  (adults)  (No./J) 
Rotifera  (eggs)  (No./J) 
Protozoa  (No./J) 

Total  No./J 

Total  fish 
Total  young-of-year 
Total  adult /juvenile 
Species  diversity  d 
Evenness  index  e 
Young-of-year:  commercial 


Adult /juvenile : 


Number  of  taxa 


commercial 

forage 

predator 

sport 

commercial 

forage 

predator 

sport 


Overall  Mean 
Differences 

2.0 

3.3* 

-185.3* 

0.2* 

1*3.2* 

0.0 

-0.60* 

-205.8* 

0.2* 

5U.  7* 


-0.32 

-0.06 

-30.0 

137.5 

-30.6 

1.2 

0.0 

78.1 

0.32* 

0.11 

2.3 

2.6 

0.1** 

0.0 

-2.1* 

-0.9 

lU.  1 
ll*.  3 
-0.2 
0.25 

0.15 

19.3 

7.1 

0.7 

-12.1* 

0.0 

0.8 

-0.08 

-1.0 

1.8 


Table  6 


Tpst.s  for  Significant  Differences  In  Side  Channels 
Using  Controlling  Elevation  as  Variable 


Degrees 


Sampling 

Elevation 

Standard 

of 

Mean  Total  Number  Period 

ft 

Mean 

Deviation 

t-Value 

Freedom 

Young-o f-year  I 

>20 

115.63 

50.19 

+1.46 

16 

<15 

71.30 

71.52 

>20 

115-63 

50.19 

+2.71* 

11 

>15  - 

<20 

U7.98 

28.75 

>15  - 

<20 

1*7.98 

29.75 

<15 

71.30 

71.52 

-0.52 

13 

II 

>20 

184.0 

136.73 

+1.75 

16 

<15 

100.39 

58.02 

>20 

181*.0 

136.73 

+1.25 

11 

>15  - 

<20 

99.56 

73.98 

>15  - 

<20 

99.56 

73.98 

13 

=15 

100.39 

58.02 

-0.02 

I oung-o  f-year  I 

>20 

5.05 

1.14 

16 

species 

<15 

5.13 

1.36 

-0.12 

>20 

5.05 

1.14 

+1.19 

11 

>15  - 

<20 

4.00 

1.94 

>15  - 

<20 

4.00 

1.94 

+1.31 

13 

=15 

5.13 

1.36 

II 

>20 

11.0 

2.13 

+2.86** 

16 

<15 

7.55 

1.66 

>20 

11.0 

2.13 

+2.37 

11 

>15  - 

<20 

8.36 

1.56 

Young-o f-year  I 

>20 

42.58 

28.30 

+2.66 

16 

sport  fish 

<15 

9.37 

9.12 

>20 

42.58 

28.30 

+1.58 

11 

>15  - 

<20 

14.26 

12.27 

>15  - 

<20 

14.26 

12.27 

+0.87 

13 

<15 

9.37 

9.12 

II 

>20 

32.2 

19.40 

+2.78* 

16 

<15 

11.73 

13.29 

>20 

32.2 

19-40 

+1.05 

11 

>15  - 

<20 

18.84 

29.77 

>15  - 

<20 

18.94 

29.77 

0.87 

>3.5 

11.73 

13.29 

(Continued) 

* Significant  at  the  5%  level. 
**  Significant  at  the  1%  level. 
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Table  6 (Concluded) 


Degrees 


Mean  Total  Number 

Sampling 

Period 

Elevation 

ft 

Mean 

Standard 

Deviation 

t-Value 

of 

Freedom 

Y oung-o  f-year 

I 

>20 

1.55 

0.1*9 

+0.27 

16 

sport  species 

<15 

1.1*5 

0.90 

>20 

1.55 

0.1*9 

+1.1*7 

>15 

- 

<20 

1.00 

0.86 

>15 

- 

<20 

1.00 

0.86 

<15 

1.1*5 

0.90 

-0.92 

13 

II 

>20 

1*.92 

1.26 

+3.83** 

16 

<15 

1.27 

2.62 

>20 

U.  92 

1.26 

+2.21*** 

11 

>15 

- 

<20 

3.00 

1.81* 

>15 

- 

<20 

3.00 

1.81* 

0.1*7 

13 

<15 

1.27 

2.62 

Young-of-year 

I 

>20 

69-95 

1*7. 1*3 

+0.91* 

16 

forage  fish 

<15 

55.60 

69.1*5 

>20 

69.95 

1*7. 1*3 

+1.51* 

11 

>15 

- 

<20 

32.62 

32.07 

>15 

- 

<20 

32.62 

32.07 

13 

<15 

55.60 

69.1*5 

-1.05 

II 

>20 

11*3.72 

ll*2. 71 

+1.51 

16 

<15 

70.1*7 

1*9.78 

>20 

11*3.72 

ll*2.71 

+1.10 

11 

>15 

- 

<20 

60.70 

39.71 

>15 

- 

<20 

60.70 

39-71 

13 

<15 

70.1*7 

1*9.78 

-0.38 

Young-of-year 

I 

>20 

3.06 

0.69 

+0.12 

16 

forage  species 

<15 

3.01 

0.97 

>20 

3.06 

0.69 

+0.51* 

11 

>15 

- 

<20 

2.7I* 

1.1*1* 

>15 

- 

<20 

2.7I+ 

1.1*1* 

<15 

3.01 

0.97 

-0.1*3 

13 

II 

>20 

1*.  37 

0.77 

+1.12 

16 

<15 

3.78 

1.31 

>20 

U.  37 

0.77 

+1.70 

11 
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Table  7 

Tests  for  Significant  Differences  Between 
>17.5  Siae  Channel  Group  and  <17.5  Group 


1 

Mean  Total  Number 

Sampl- 

ing 

Period 

Eleva- 

tion 

ft 

Mean 

Standard 

Devia- 

tion 

t -Value 

Degrees 

of 

Freedom 

Young-of-year 

I 

>17.5 

<17.5 

109.56 

57.6 

53.59 

60.10 

2.20* 

23 

r . 

II 

>17.5 

<17.5 

102.65 

90.56 

115.1*9 

52.98 

0.23 

23 

* 

Young-of-year 

species 

I 

>17.5 

<17.5 

M3 

M8 

1.51 

1.51* 

0.23 

23 

II 

>17.5 

<17.5 

10.65 

7.82 

2.23 

1.1*9 

3.81** 

23 

Young-of-year 
sport  fish 

I 

>17.5 

<17.5 

33.33 

7.97 

1*1.25 

8.1+5 

2.31+* 

23 

II 

>17.5 

<17.5 

25.51 

9.50 

21+.30 

11.22 

2.36* 

23 

r 

Young-o  f-year 
sport  species 

I 

117.5 

<17.5 

1.50 

1.26 

0.50 

0.87 

0.76 

23 

II 

>17.5 

<17.5 

U.80 

2.59 

1.1*2 

1.12 

1+.32** 

23 

1 

» 

£.! 

Young-of-year 
forage  fish 

I 

117.5 

<17.5 

29.95 

48.36 

1*1*.  29 
59.09 

-1.05 

23 

‘ l 

k ,J 

II 

>17.5 

<17.5 

62.25 

65.78 

103.83 
1*1*.  79 

-0.12 

23 

L i 

'li1 

1 Young-of-year 

■ forage  species 

I 

>17.5 

<17.5 

2.73 

2.98 

0.98 

1.17 

-0.58 

23 

-*  • 

y 

i 

II 

>17.5 

<17.5 

1+.07 

3.88 

1.03 

1.23 

0.38 

23 

Lentic  Longnose  gar 

Shortnose  gar 
Bigmouth  buffalo 
Smallmouth  buffalo 
Mosquito  fish 
Largemouth  bass 
Bluegill 
White  crappie 

/ j Black  crappie 

' j 

Threadfin  shad 
Skipjack  herring 
Blvmtnose  minnow 
Bullhead  minnow 
Emerald  shiner 
Brook  silversides 


Ubiquitous 


Channel  catfish 
Spotted  bass 
Sauger 
Goldeye 

Smallmouth  bass 

White  bass 
Gizzard  shad 
Golden  shiner 
Western  silvery  minnow 
Blackstriped  topminnow 
Freshwater  drum 
Yellow  bullhead 
Green  sunfish 
Orange  spotted  sunfish 
Longear  sunfish 
Warmouth 
Carp 

Red  shiner 
Silver  chub 


* 


Table  9 

Habitat  Preferences  as  a Function  of  Controlling  Elevation 


Habitat  Preferences 

Sampl- 

ing 

Period 

Eleva- 

tion 

ft 

Mean 

Standard 

Devia- 

tion 

t-Value 

Degrees 

of 

Freedom 

Ubiquitous,  numbers 

I 

>17.5 

<17.5 

24.20 

23.29 

28.06 

22.17 

0.09 

23 

II 

>17.5 

<17.5 

140.98 

77.18 

120.52 

47.25 

1.86 

23 

Ubiquitous,  species 

I 

>17.5 

<17.5 

1.36 

2.08 

0.57 

1.35 

-1.62 

23 

II 

>17.5 

<17.5 

4.30 

3.66 

0.65 

0.82 

2.05 

23 

Lotic,  numbers 

I 

>17.5 

<17.5 

27.17 

47.46 

26.0 

24.40 

-0.10 

23 

II 

>17.5 

<17.5 

6.40 

4.31 

4.02 

3.97 

1.27 

23 

Lotic,  species 

I 

>17.5 

<17.5 

1.04 

1.46 

0.49 

0.93 

-1.32 

23 

II 

>17.5 

<17.5 

2.21 

1.48 

1.16 

0.79 

1.87 

23 

Lentic,  numbers 

I 

>17.5 

<17.5 

57.82 

11.23 

53.35 

13.53 

3.45** 

23 

II 

>17.5 

<17.5 

35.69 

6.42 

28.07 

9.41 

3.76** 

23 

Lentic,  species 

I 

>17.5 

<17.5 

2.25 

1.40 

0.99 

0.89 

2.20* 

23 

II 

>17.5 

<17.5 

3.34 

1.64 

0.89 

1.13 

4.12** 

23 

I 


**  Significant  at  the  1%  level. 
* Significant  at  the  5$  level. 


Table  10 

Correlations  of  Biological  Variables  vlth  Physical,  Chemical,  and 

Morphometric  Variables 


Benthic 

Zoo- 

Phyto- 

Organisms 

Total 

plankton 

plankton 

Variable  Class 

(Total  No . ) 

Fish 

No. /I 

No  Jl 

Physical 


Water  temperature 

-0.U8** 

(106) 

Turbidity 

-0.17 

(106) 

Discharge 

-0.19 

(150) 

Chemical 

Dissolved  oxygen 

-0.28** 

(106) 

pH 

-0.1*3** 

(106) 

Total  alkalinity 

0.1+2 

(106) 

Morphometric 

Volume 


Shoreline 

development 


The  number  of  pairs  of  observations  are  in  parentheses. 
Significant  at  1%  level. 

Significant  at  5$  level. 


Table  11 

Hesolts  uf  Multiple  He^rejs ion  Analyse:;  Using  Various  Levels  ,-r  Information 
to  Estimate  Selected  Biological  Dependent  Variables 


Cumulative 


Dependent 

Variable 

Class  of 

Variable 

Number  of 
Observa- 
vations 

Independent  Variables 
Included  and  Variation 
Explained  by  Each  {%) 

Variation 
Accounted 
for  (*) 

Variation 

Explained 

(*) 

Total 

( 1 ) Biological 

Phytoplankton  density  (38) 

Ul 

iii 

benthic 

organisms 

(2)  Biological 
♦ morphometric 

57 

As  (1)  plus  surface  area 
(6),  volume  (6) 

12 

53 

(3)  Biological 

♦ morphometric 

♦ chemical 

As  (2)  plus  pH  (l6) 

16 

69 

Total  fish 

(1)  Biological 

Phytoplankton  density  (9) 

9 

9 

(2)  Biological 
♦ chemical 

57 

As  (l)  plus  dissolved 
oxygen  (8) 

8 

17 

(3)  Biological 
♦ chemical 
+ physical 

As  (2)  plus  turbidity  (7) 

7 

2U 

Forage  fish 

(1)  Morphometric 

Shoreline  development  (7) 

7 

7 

(2)  Morphometric 
♦ chemical 

57 

As  (l)  plus  dissolved 
oxygen  (5) 

5 

12 

( 3 ) Morphometric 

♦ chemical 

♦ physical 

As  (2)  plus  turbidity  (7) 

7 

19 

Sport  fish 

(l)  Biological 

Total  benthic  organisms 
( 31 ) , phytoplankton 
density  (10) 

lil 

Ul 

(2)  Biological 
♦ morphometric 

57 

As  ( 1 ) plus  surface  area 
(1*0,  volume  (6) 

20 

61 

(3)  Biological 
♦ morphometric 
+ physical 

As  (2)  plus  turbidity  (3) 

3 

6U 

Zooplankton 

density 

(l)  Biological 

Total  benthic  crganisms 
(5) 

5 

5 

(2)  Biological 
+ morphometric 

57 

As  (l)  plus  shoreline 
development  ( U ) 

U 

9 

(3)  Biological 
+ morphometric 
♦ chemical 

As  (2)  plus  dissolved 
oxygen  (15) 

15 

2U 

Phyto- 

plankton 

density 

(l)  Biological 

57 

Total  benthic  organisms 
( 2U  ) , zooplankton 
density  (U), 
total  fish  (1) 

29 

29 

(2)  Biological 
♦ chemical 

57 

As  (l)  plus  dissolved 
oxygen  (38) 

38 

67 

Standard 

Error 

of  the  Esti- 
mate (Means) 


23.2 

(225.9) 


(116.5) 


15.71 

(90.8) 


3.2 

(20.6) 


6.37 
(51.  l*) 


l5.6l 

(7138.5) 


Table  12 

Linear  Regression  Equations  to  Estimate  Selected 
Biological  Dependent  Variables 


I 


Table  13 

Biological  Groups  and  Subgroups  for  Which  Information 


Was  Used  in  Side  Channel  Rankings 


Biological  Group 
Subgrou 


Sampling  Period 
II 


Young-of-year  (mean  number/ 
six  seine  hauls) 

Adult /juvenile  (mean  number/ 
six  seine  hauls) 

Sport  fish  (mean  number/ 
six  seine  hauls ) 

Forage  fish  (mean  number/ 
six  seine  hauls) 

Total  number  (mean  number/ 
six  seine  hauls) 

Diversity  (d) 

Phytoplankton 

Total  density  (mean  number/Ji) 
Diversity  (d) 

Zooplankton 

Total  density  (mean  number/Jl) 
Diversity  (d) 

Benthos 

2 

Insecta  (mean  number/0. l6m  ) 2 

Oligochaeta  (mean  number/O. 16  m^) 
Pelecypoda  (mean  number/O. l6  ir?) 
Total  number  (mean  number/ 

0.16  ’a?) 

Diversity  (d") 


NA* 

23,13 

23,13 

NA 

23,13 

23,13 

NA 

23,13 

23,13 

NA 

23,13 

23,13 

NA 

23,13 

23,13 

NA 

23,13 

23,13 

23,**  13+ 

23,13 

13 

23,13 

23,13 

13 

23,13 

23,13 

13 

23,13 

23,13 

13 

NA 

23,13 

13 

NA 

23,13 

13 

NA 

23,13 

13 

NA 

23,13 

13 

NA 

23,13 

13 

* NA  - No  information  available. 

**  23  - Information  available  and  used  for  ranking  all  23  side  channels . 
t 13  - Information  available  and  used  for  ranking  13  side  channels 
(1,  3,  6,  7,  10,  11,  12,  15,  16,  17,  19,  20,  and  23). 
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APPENDIX  A:  MEAN  VALUES  FOR  PHYSICAL-CHEMICAL 

AND  BIOLOGICAL  VARIABLES  AND  LEAST 
SIGNIFICANT  DIFFERENCE  (LSD)  VALUES 
FOR  SIDE  CHANNELS  DURING  SAMPLING 
PERIODS  I,  II,  AND  III 
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sl  Indicates  that  no  c-inple  was  taken;  blank  that  there  was  no  complin,-;  during  period. 
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